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CHAPTER I 
INTRO DUO TI ON 
For ye ars 1 co aches and trainers have promoted 
warm-up as an ai d to physic al performance in sports. 
Athletes have a ccepted active warm-up and even passive 
warm-up techniques, such as the wearing of sweat suits 
prior to and during warm-up, as essential pr e-competition 
routines. 
In research, physical warm-up prior to athletic 
performance has been shown to favor, question, and have 
no effect on performance achievement and efficiency. 
Those who advocate the importance of warm-up cite the 
following points, as summarized by Costi111: {l ) Wann.­
up increases the muscle temperature and there by increases 
the contractile force of the muscle; (2) Warm-up will 
help to prevent muscle and tendon injuries; (3) Warm-up 
supposedly brings on "second wind" more rapidly; and 
(4) Warm-up provides an opportunity to rehearse the 
pace and relaxation which will be performed during the 
actual race. 
Over the past 20 y ears, researchers have inves-
tigated warm-up extensively, but while the above 
!David L. Costill ( ed. ) 1 ylhat ftesearch �arterly 
Tell.s 1?1.!.EL.Coach About D.�stance Runnin.� (Washington, D.c.: 
AAHPER1 1968), P• 3�• 
l 
2 
mentioned points appear theoretically sound, there has 
bee� very little research that would indicate significantly 
the benefits of warm-up for distance runners. 
Comparing the wann-ups recognized by coaches and 
used by champion athlet�s show that their approaches to 
warm�up vary in both intensity and duration. Herbert 
2 Schade , former German 5,000-meter and 101000 meter 
champion and bronze medalist in the 1952 Olympics suggests: 
• • ·• many athletes execute a wann-up which is 
too humdrum. The dull monotony of a jog has never 
yet contributed anything. By its very nature 
limbering-up must be relaxed, quick and loose; 
slow start, fast run with variations of skipping, 
fast tripping, vigorous knee lifts, limbering-up 
exercises •. The warm-up before competition should 
be intensified. 
Percy Cerutty,3 the controversial coach of the 
1960 Olympic 1,500-meter gold medalist Herb Elliott, 
referred to warm-up as pre-race activity and saw no . . l 
advantage in prolonging it. 
Some feel aroused to fighting fitness by 
merely thinking about it. A half mile of 
jogging or running either may or may not be . 
sufficient - then stretching exercises., followe<;l 
by a few shor.t bursts of speed at racing pace -
then directly into the race - don't rest • 
. John Landy4, 'the second man to break the fou:r­
minute mile barrier (3:58.0} used 30-minutes of jogging, 
striding, short sprints, and calisthenics. Conmienting 
2Fred Wilt (ed.}, Run Run Run (Los Altos, California: 
Track and Field News Inc., 1964), P• 136. 
3Fred Wilt {ed.), How They Train {Los Altos, 
California: Track and Field News Inc., 1959), p. 22. 
4Ibid., P• 24. 
on his pr ocedures, Landy said , "I think a good wann-up, 
two or three hours bef'ore the race, is a sound plan. n 
Albie Thomas5, world record holder �n 1959 of 
the 2-mile (8:32.0) and 3-mile (13:10.8), started his 
warm-up JO-minutes bef'ore the race and jogged very slowly 
until race time. 
6 Jim Grella 1 holder of 22 sub-f'our minute mile 
times, began his wann-up 50-minutes before the race by 
j ogging 1 to 2 miles, then 4 or 5 sprints or 150-yards, 
walking in between, and resting 10-minutes in a warm 
place. 
Olympic 5,000-meter bronze medalist in 1964, 
5111 Dellinger7, used a 40-minute warm-up of a l  to 2 
mile jog, calisthenics, and 10 to 15 mirrutes rest by 
walking and jogging. 
The differences in warm-up naturally varies with 
the weather, time of season, event, and the athletes 
c ondition. However, Rosandich8 points out two major 
reasons for differe�ces among athletes. Track and 
cross country are two of the few sports in which the 
competitor controls his o�n wann-up and fits it to his 
individual needs. 
5Ibid., P• 62. 
6Ibid., P• 35 • 
7Ibid., P• 69. 
8Thoroa.s P. Rosandich (ed.), Olympic Cross Countri 
Clinic Notes {Ups on, Wisconsin: Olympia Sports Publica­
tion, l9b7l-; p. 76. 
3 
NEED FOR THE STUDY 
Even though there is a general acceptance or 
warm-up by coaches, trainers, and athlete s ,  the exact 
nature of the warm-up is greatly varied. Recognizing 
9 .this , Burke sta ted, 
There is a need for scientific investigation 
relatipg to the effects produced when exercises 
of varying intensity and duration are performed 
prior to strenuous physical exertion. 
Research in the area of warm-up is wide in s cope. 
It deals with warm-up for all types of activities, s uch 
as, jump reach, grip strength, speed and range of move-
·men t, swimming, accuracy throwing,. and running. Of the 
research concerning warm-up and running, most of it 
deals with anaerobic performance :  s prints of 60, 1001 
440, and 600-yards or performance times of les s than 
three-minutes . Karpovich10 concluded : 
• , • that, for short distances, wanning-up 
is probably nothing more than a ritual. Maybe 
the same is true for longer distance s .  We have 
no proof that warming-up is beneficial in the 
endurance type of exercise. For this reason, 
readers are u rged to experiment with longer 
distances rather than to .speculate .  
The refore,·this study was designed, to help fill 
a gap in the current literature, that is res earch 
9Roger K •. Burke, "Relationships Between Physical 
Perfonnance and Warm-up Proc edures of Varying Intensity 
and Duration° (unpublished Doctor' s  diss ertation, . 
University of Southern California, 1957 ) 1  p. 2. 
lOpeter V .  Karpovich, Phvsiolog,y of Muscular 
Activitfu (Philadelphia: w. B. Saunders Co ., 1965), 
PP• lJ-1 • . 
concentrating on aerobic endurance type performance. The 
warm-up schedules and treadmill test were to simulate a 
realistic race condition. Experienced distance runners of 
high ability we,re used to achieve this goal. 
The need for the study is accentuated by (1) lack 
of current research concerning endurance type exercise, 
specifically distance running, ( 2 )  the lack of realistic 
warm-up conditions, and ( 3 ) the lack of experienced 
, distance runners as subjects within the available literature. 
STATEMENT OF THE PROBIEM 
·The study was conducted to observe the effect 
of two different warm-up durations on the physiological 
adjustments of trained distance runners during a stan­
dardized strenuous treadmill test. 
STATEMENT OF THE HYPOTHESIS 
There is no di:fferenco in the effects of a 30 or 
a 60 minute warm-up duration on the adjusbnent of mean 
skin temperature, rectal temperature, pulmonary ventila­
tion, oxygen consumption, and heart rate during a stan­
dardized strenuous treadmill test. 
LIMITATIONS OF THE STUDY 
The study included only nine subjects, all highly 
skilled runners so the results should not be generalized 
to the populaceo The warm-up schedules and treadmill 
6 
test were designed specifically for these runners and 
results may differ with others. Finally, because of the 
limited availability of the subjects, it was possible 
for only one test at each of the warm-up durations. 
DEFINITION O:P TERMS 
To assist the reader, the particular terminology 
· used in the study has been de.fined below: 
Aerobic. 11 Requiring the presence of oxygen. 
Anaerobic. Occurring in the absence of ox ygen.12 
Electrocardiogram (ECG). A graphic record of the spread 
13 of the cardiac impulse through the heart. 
Pulmonary Ventilation. The periodic renewal of the air 
in the lung alveoli.14 
Warm-Up. The preparation carried out immediately before 
physical work with the intention of producing optimum 
work perforDRnce.15 
11Laurence E. Morehouse and 
?pysiology of Exercise (St. Louis: 
p. 295. 
12Ibid. 
l3Ibid., p. 297. 
14 Ibid., P• 2990 
A�gustus T. Miller, 
c. v. Mosby Co., 1 967)1 
15B. P. Gar.foot, "Review of Warming-up," Track 
Technique 40:1284, 1970. 
�--
Second Wind. During violent exercise, such as running or 
rowing, there is frequently developed a feelin g of 
distress with which is associated considerable breath-
lessness, but if the exercise is continued, this · 
distress disappears and may be replaced by a sense of 
great relief. When this chan ge occurs we say we have 
our "second wind.11 The physiological basis of second 
wind is not entirely clear. 1
6 
.Mean Skin Temperature. For the purpose of this study, 
skin probes were attached to the arm, back, and thigh 
(see Chapter III, P• 48) and to determine the mean of 
the recorded temperatures from the three sites, the 
following formula17 was used: 
7 
.M ean Skin Temperature = Ta ( .J..4} + Tb (. 50) + Tc (.36) 
T = arm, Tb = back, T = thigh a c 
lq1orehouse, op. cit., pp. 147-148. 
17navid Costill, et al., "Metabolic Responses to 
Submaxirnal Exercise in '11hree Water Temperatures 1" Journal 
o f  Applied Physiology, 22:628-32, 1967. 
· CHAPTER II 
REVIEW OF THE RELATED LI'l'ERATURE 
• 
Over the years, much has been written.concerning 
the effects of wann-up on physiologi cal responses, 
psychological attitudes, and performance ability. Much 
of the literature has been in the form of r esearch, but 
statements about wann-up are found in physiology text­
books, and physical education and athleti c journals. 
This chap ter has been catergori zed into the following 
sections: {l) methods of wann-up, {2) theories of war:m­
up, (3) studies which demonstrate significant ·improve­
ment in performance following warm-up, (4) studies which 
demonstrate insignificant improvement in performance 
following wann-up, {5) studi es which demonstrate impair­
ment of perfor�nce following warm-up, and {6) summary. 
METHODS OF WARM-UP 
1 . In 19.3!�, Karpovich introduced two terms to 
describe warm-up methods. Researchers have continued to 
use the terms "formal n and "general" wh en writing about 
warm-up. 
lPeter v. Karpovich, Phyniolog_y_of Muscular 
Activity (Philadelphia: w. B. Saunders Co., 1965), p. 12. 
8 
Formal warm-up affects the nervous system of 
athletes and, thereby, affects skill patterns. Activities 
that involve the practicing of skills to be used later 
9 
in competition, such as, running in the case of the distance 
runner or hurdling by' the s teeplechaser1. falls under the 
formal warm-up heading. 2 
General, or informal, warm-up affects all the 
organs of the body that have to be used in the physical 
performance of the athlete. This type of warm-up usually 
consists of exercising the large muscles of the body, 
however, showers, diathermy, and massage are methods used 
in general warm-up. Calisthenics and stretching exercises 
3 done· by distance runners are pa.rt of general warm-up. 
At times, formal and general warm-up activities 
overlap. Jogging done by the distance runners involves 
an activity that will later be used in competition there-
rore, being formal in nature. However, the runner is not 
using jogging for the purpose of improving his skill of 
running but to involve all the large muscle areas to be 
used. Another example is the preliminary runs by a pole 
vaulter. They are done to improve his skill at pacing 
and not ·as general warm-up. So far, there has b een no 
reason to question the usefulness of formal warm-up.4 
2Ibid. 
3Ibi.d . 
4rbid. 
Two other sub-categories, as cited by Garf'oot,.5 � 
are used to describe warm-up: active and passive. Active 
warm-up involves exercising. These would include calis­
thenics, jogging, sprinting and practicing the event and 
could be of the related type, such as arm swinging for the 
discus throw, or of the unrelated type, such as stool 
·s'tepping tor an arm speed test. Passive wann-up requires 
that the athlete remains inactive while artifical methods 
are used t o  heat or cool the muscles. The methods of 
passive warm-up include massage, hot or cold showers, 
and short wave radio-diathermy. Both active and passive 
methods can combine during a wa:rm-up by using each method 
separately during the warm-up period. 
THF�ORIBS OF WAFM-UP 
Various theories have been presented in textbooks 
concerning the physiological responses that contribute to 
improved readiness for performance. Basic ally, these 
physiological theories of warm-up can be categorized 
into (1) increased body and muscle tem�erature, (2) in­
ereased circula tion, and (3) treppe. 
SB. P. Garfoot, "Review of Warming-Up", Track 
Technique, 40:1284-85, June, 1970. 
10 
Increased Body and Muscle Temperature. 
The term wann-up suggests an elevation of tempera­
ture. In athletics, it further suggests a routine which 
is desi@'led to produce a rise in body tempera ture. This 
increase can be external (passive), such as application 
of heat producing a gents or mechanisms, or 1 t can be 
internal (active), as the result of physica l exercise. 
M uscle work influences the heat production in 
the body and may raise the body temperature considerably. 
In long distance runs, marathons, it has been noted by 
TUttle and Schottelius6, Robinson?, and deVries8, that 
core temperatures of 104 to 106-degress Fahrenheit have 
been reached by the fin ish of a race. 
This wa:r:m-up theory, that an increase in body 
temperature w ill benefit perfcrmance, has been supported 
by Ricci9, Morehouse and Miller10, Riedman
11
, Tuttle and 
6w. w. Tuttle and Byro� A. Schottelius, Textbook 
o f  P�ysiology (St. Louis: c. v. Mosby Co., 1961), p. )42. 
7s. Robinson, nE.ffect of Body Size Upon Energy 
Exchange in Work", American Joumal of Physiology, 
136:363, 1942. . 
8nerbert A. deVries, Physiology of Exercise for 
Physical Educ a ti on and Athletics (Dubuque, Iowa: 
Wm. c. Brown co., 1966), p. 175. 
11 
9Benjamin Ricci, Physiological B a sis of Human Per­
formance (Philadelphia: Lea and Febiger, 1967), P• 27. 
lOLaurence E. Morehouse and Augustus T. Miller, 
Physiology of Exercise {St. Louis: c. v. Mosby Co., 1967), 
P• 12. 
llsarah R. Riedman, P hbsiolog� of Work and Play 
(New York: Dryden Press, 195 ), p. '9• 
12 
Schottelius12, deVries13, and Astrand and Rodah1
14• Bodily 
temperature change ef'fects other systemic functions as 
I 
related increases in heart rate, respiration, and blood 
pr�ssure level have also been noted. 
The benefit of the higher temper.ature during work 
may be explained according to Astrand and Rodahl15, by 
the fact that the metabolic processes in the cell can 
proceed at a £aster rate, since these processes are 
temperature dependent. At the higher temperature, gas 
exchange on t'b.e cell level is much more rapid. 
Warming of the nruscle has been cited by Tuttle 
and Schottelius16 for a decrease in the viscosity of the 
muscle which would reduce the chances of injury. By 
isolating nruscles to observe the contraction process, 
Morehouse and Miller17 investigated the effect of warm-up 
(repetition) on the viscosity of' the muscle and stated: 
12Tuttie and Schottelius, loc. cit. 
13deVr1es, op. cit., p. 182. 
14Per-Olof Astrand and Kaare Rodahl, Textbook of 
Work Physiology (New York: McGraw-Hill Book Co., 1970), 
p. 524. 
l5Ibid. 
16Tuttle and Schottelius, op. cit., P• 79. 
17Horehouse and Miller, op. cit., P• 12-13. 
If' the muscle is warmed, the speed with which 
it co ntracts and relaxes and the f'orce of' contrac­
tion are increased. If' a previously inactive 
muscle is stimulated re peatedly, the first few . 
contractions are often small and irregular, and 
relaxation is incomplete. After this the contrac­
tions becomo stronger and relaxation is complete. 
It is probably that warming up is due in part 
to these changes in the muscle itself, involving 
a local rise in temperature and the accumulation 
of metabolic products. It is possible that the 
viscosity of the muscle is thereby decreased, 
allowing contraction and relaxation to occur 
with greater promptness. 
13 
The relationship between performance and increased 
temperature, then is a profound one. Ricci18 sununated 
this relationship b y  stating: 
The accomplishm�nt of great athletic f'eats 
is usually accompanied by elevated body tempera­
tures as well as by increa.�ed cardiovascular­
pulmonary responses. 
Increased Circulation 
Most of the physiological adjustments during 
exercise are directed towards the delivery of a greater 
volume of oxygen to the working muscle. Many adjustments 
are made by the body to insure an increased supply of 
oxygen during exercise. 
l8?icc1, loc. cit. 
. 19 20 As cited by Karpovich 1 Morehouse and Miller 1 
Dawson and Eggleton21, and Carlson and Johnson22, physical 
exercise increases the body temperature. The effects of 
this rise correspondingly increases the heart rate. This 
increase heart rate has an almost linea� relationship 
with the increased body tempera ture. The increase in 
cardiac output is partially due to the amount of blood 
circulating through the skin in an attempt to dissipate 
the body heat. 
When the tissue is warmed, Riedman23 states the 
arterioles in the area are relaxed and dilated. The 
result is an increased flow often four to five times 
that of the resting state, according to Mathews, et ai.24 
Concurrent with the increased flow rate through the 
19Peter v. Karpovich, Physiology of Muscular 
Activity (Philadelphia: w. B. Saunders Co., 1965), p. 213. 
2<\�orehouse and Miller, op. cit., P• 97. 
21Hugh Davson and Grace Eggleton (eds.), Princi
�
les 
of Human Physiology (Philadelphia: Lea and Febiger, 19 2), 
P• 155. 
22Anton J. Carlson and Victor Johnson, The 
Machinery of the Body (Chicago: The University of Chicago 
�ress, 1953), P• 153-54. 
23sarah R. Riedman, Ph
}
siologri4of Work and Play (New York: Dryden Press, 195'°0 1 P• 2 • 
24nonald K. Mathews, Ralph W. Stacy, and George A. 
Hoover, Physiology of "Muscular Activity a nd Exercise 
(l�ew York: Ronald Press Co., 1964:), P• 198. 
tissue, deVr1es25, and Morehouse and Miller26 cite that 
the rate of oxygen consumption per cell increases rapidly. 
Mo.rehouse and Miller27 and Mathews and Fox28 note that 
there is a diversion of blood (shunting) from less active 
tissues to the muscles involved in the exercise. 
By warming up, the runner has al.ready stimulated 
these bodily adjustments and has prepared his body for 
the physical exertion. 
:rreppe 
When a muscle is stinmlated in such a way that 
complete single twitches rapidly follow each other, the 
first few contractions progressively increase in height. 
This is known as a treppe, or the staircase phenomenon. 
This successive increase in the extent of the contracti�n 
has led some authorities to cite it as a major benefit 
29 of warm-up. Rasch and Burke do not accept the treppe 
mechanism as contributing, to warm-up. 
25Herbert A. deVries, Ph
�
iology of Exercise for 
Physical Education and Athletics Dubuqu-e;-Iowa: Wm. c. 
BroWn' Co., 1966) 1 P• 100. � . · 
26i.iorehouse and �iller, op. cit., PP• 156-60. 
27Morehouse and Miller, op. cit., p. 105. 
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28nonald K. Mathews and Edward L. Fox, Phy:s2logical 
Basis of Physical Education arrl Athletics (Philadelphia : 
29Phillip J .  Rasch and Roger K. Burke, Kinesiolo�y 
and AEplied Anatomy (Philadelphia: Lea and Febiger, i967}, 
pp. 62-63. 
The fallacy in this reasoning is that treppe 
occurs {l) only in well-rested muscles and 
{2) only as the result of spaced single nerve 
impulses. In the intact muscle, even the briefest 
stimulation consists of a volley of closely 
spaced nerve impulses. Treppe would take place 
in a fraction of a second the first time the 
muscle is used, where as the asserted warm-up 
benefits presumably require a prolonged pre­
liminary activity. 
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Karpovich also rejects the treppe theory of 
warm-up by reiterating that it is ap plicable only to a 
series of single contractions caused by a series of 
s ingle stimuli. In the skeletal muscle, the very first 
contraction is a result of a volley of stimuli and is 
a tetanic rather than a single contraction. 
STUDIES W HICH DEl�ONSTRATE S IGNIFICANT IMPROVEMENT 
IN PERFORMANCE FOLLOWING WARM-UP 
Grodjinovshy and 1'1agel3l studied the effect of 
two warm-up conditions on the running pe;rformance of 
13 college men. Since the subjects were non-athletes, 
a four week training period preceeded the testing. 
Regular and vigorous warm-ups were used while no warm-
up was used as a control. Running performance was 
tested by 60-yard, 440-yard, and mile runs. Maximal 
oxygen consumption was measured by a strenuous· five 
minute treadmill test {?-mph at 9% grade)� 
16 
JOPeter v. Karpovich, Physiologi of Muscular 
Activity (Philadelphia: w. B. Saunders Co., 19"65'"J;""'p. 13. 
31Amos Grodjinovsky and John R. Magel, "Effect 
of Warm-up on Running Performance" 1 Res e_g_rch Q.uarterll:, 
41:116!""19, March, 1970. 
Regular and vigorous warm-up improved performance 
(run time} significantly in the 6o�yard arrl 440-yard 
events as compared to no warm-up. Vigorous warm-up
.
im-
proved performance in the mile run significantly more 
17 
than did either regular warm-up or the control. Regular 
wann-up did not improve the mile pe�formance significantly 
over the control condition. There'was no significant 
difference between oxygen consumptions obtained during 
maximal treadmill running following the three warm-up 
conditions. 
In a more recent investigation by Grodjinovsky32, 
four combinations of warm-up intensity and duration were 
used prior to a half-mile run to measure performance 
time. The 42 college men .were categorized into " highly 
i'it", "fit"• and "unfitu on the basis of their half-mile 
time. It was found that all warm-ups improved performance 
significantly over performan ce after no warm-up. It 
seemed that higher warm-up intensity had a more favorable 
eff'ect pn the uhighly fi t" and a some what deleterious 
effect on the "unfit" individuals. In· a second phase of 
the study, maximal oxygen intake was 1 to 2.l ml/kg/min 
higher following warm-up when ·measured during an "all-out" 
treadmill run. 
32Amos Grodjinovsky,. 11S tandardization of Warm-up 
and Its Effects on Performance and on Selected Physiological 
Parameters,0 (unpublished Doctor's dissertation, University 
of Minnesota, 1971). 
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Hogberg and Ljunggren33 examined the effect of 
warm-up, in. the form of running at moderate speed combined 
with calisthenics, on the speed of running 100, 400, or 
800-meters in well trained athletes. The physical exercise 
warm-up was compared with the effect of passively heating 
the body in a sauna for 20-minutes prior to the raco and 
found that the benefit was much less for the passive 
warm-up. In the 100-meter dash, the differences after 
warm-up were ·� o.S to 0.6 seconds (J-4fo) faster when com­
pared with the results of runs following no warm-up. In 
the 400-meter dash, the improvement was l.S to 3.0 
seconds (3-6�)� In the 800-roeter run, an improvement 
of four to six seconds (2.S-S.�) was recorded. 
K8.hler and Stern34 had 27 high school distance 
runners use three warm-up conditions. They were no 
warm-up, regular warm-up, and heavy warm':"'up, before 
ru�ning a two-mile cross country course for time. The 
runners were grouped by best previous times on the course 
into high, average, and low groups. Each group had two 
chances at each warm-up condition. Vital capacity was 
measured before and after the test runs. Heart rate was 
recorded 15-seconds before, 20-seconds after, and two 
33p. Hogberg and o. Ljunggren, "Influence of 
Warming-up on Running Performance11, Journal of Physical 
Education 42:104-112, 1950. 
34Robert w. Kahler and David P. Stern, "Effect 
of Warm-up Intensity on High School Distance Runnersu 
Athletic Journal 51:70-71, February, 1971. 
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minutes after the test runs. Regular warm-up improved 
per£ormance time over no wann-up in all groups. The 
heavy warm-up showed improvement over the regular warm-up 
in the high group. 
Two college middle distance runners were tested 
by Schnell3S .following no warm-up, three-minutes, and 20-
minute warm-ups. Three dif.ferent treadmill tests were 
given: 7-mph at 8.6-percent grade for four-minutes, 
10-mph at 8. 6-percent grade for two-minutes, and "all-out" 
at 10-mph and an 8. 6-percent grade. Measurements for 
pulse rate, blood pressure, and skin temperatures were 
taken in recovery. The results indicated that per.formances 
and physiological adjustment, of both subjects, were 
superior for the runs preceded by the 20-minute warm-up. 
Mand1136 and Barry37 conducted two series of tests 
on low intensity treadmill running. Their first series 
' 
had two male graduate students as subjects while the 
second series had 34 undergraduate students as subjects. 
Both series used two wann-up conditions: no warm-up and 
two-minutes on the treadmill at 7-mph and an 8. 6-percent 
35Richard H. Schnell, 0The Effect of Varying 
Rates of Warm-up on Perfo:rmance in the Tread.mill Run, u 
(unpublished Master's thesis, University of Illinois, 1956) . 
36Paul W. Mandli, "'11he Effect of Warm-up on a 
Treadmill Run o.f Low Intensity, tt (unpublished :Master's 
thesis, University of Illinois, 1953) . 
37A. J. Barry, 
'
11The Effect of Warm-up on a Tread­
mill Hun of Short Duration, 11 (unpublished Mas tor's 
thesis, University of Illinois, 1953). 
20 
grade. Sories I was run on the treadmill warm-up setti ngs 
for .four-minutes while various parameters were recorded. 
S eries II was a performance test ·for time on the treadmill. 
In the firs t s eries it was .found that wann-up produced a 
smaller pulmonary ventilation and a lower respiratory 
quotient. Also, heart and respiratory rates recovered 
fas ter and at a lower level. In Series II, there was no 
significant difference in performance time. 
McWatt38 timed a sprinter us ing starting blocks 
for 45-feet. The experienced s printer had taken his 
usual pre-race warm-up before the tes ting. A total of 
16 tests were recorded in approximat ely 23-mirn.ltes . It 
was .found that the performance times gradually decreased,· 
from 2.36 seconds, until the 12th and 13th tests when 
the fastest times were recorded, 2 . 16 seconds. The las t 
three tests showed the times beginning an upward trend. 
An improvement of 0.2 s econds was gained between tes ts 
one and twelve. 
Blank39 used 16 expe rienced track athletes in a 
s tudy or warm-up and s printing. Two warm-up condi tions 
were defined as minimum ( no warm-up} and optimum ( active 
warm-up} .  Tests were held each day for 22 days over a 
120-yard dis tance. For each subject,  performance times 
38Bish McWatt, "Warming Up :f'or the Sprint Start, 11 
Track Technique, 6 : 190, December, 1961. 
39Lane B. Blank, "Effects of' Warm-up on Speed, 11 
Athletic Jouinal, 35 : 101 February, 1955. 
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following warm-up were significantly faster than the times 
recorded following no warm-up. 
Sills and O'Riley40 had 18 college men perform 
five bouts of spot running, with 10-seconds intervals 
between bouts. They repeated the spot running test ai'ter 
following rest, exercise, or a cold abdominal spray for 
10-minutes. There was a significant improvement in the 
number of steps taken following each of the three warm-up 
conditions. The cold spray produc ed the greatest improve-
ment. 
Asmussen and Boja41 conducted an experiment in 
which they used both passive warming, diathermy or hot 
water, and warming by exercise with the bicycle ergometer. 
It was concl uded that warm-up by exercise, diathermy, and 
hot baths increased work capacity. Massage had no bene­
ficial effect on performance. The increased ability to 
perform hard work was closely related to the temperature 
of the working muscles. 
Falls and Weibers42 devised four pre-exercise 
conditions, cold showers, hot showers, exercise warm-up, 
4°Frank D. Sills and Vernon E. O'Riley, "Comparative 
Effects or Rest, Exercise, and Cold Spray Upon Performance 
in Spot Running," Research Q,uarterly, 27: 217-19, May, 1956. 
41Erling Asmussen and Ova Boje, "Body Temperature 
and Capacity for Work, ".Acta Physioloe;ica Scandinavica, 
10:1-22, 1945. 
42Harold B. Falls and Jacob E. Weibers, "The Effects 
of Pre-Exercise Conditions on Heart Rate and Oxygen Uptake 
During Exercise and Recovery," Research Quarterly, 36:243-52, 
March, ·1965. 
and rest to study the effects of warming and cooling on 
heart rate and oxygen uptake. Five subjects rode a 
I 
bicycle ergometer for five-minutes and measurements were 
recorded during the ride and recovery period. Exercise 
heart rate and recovery oxygen uptake were f oun<l to be 
significantly lower after a cold shower than after the 
other conditions. 
Thompson43 tested college students to determine if 
formal or in.formal warm-up affected speed, endurance, 
accuracy, and strength in various activities. The con­
clusions found no evidence of improvement from informal 
warm-llp in the areas of speed or endurance in swimming, 
speed or accuracy of typing, or leg strength. Formal 
warm-up did significantly improve per.forma.nce in speed 
and endurance in swinnning, accuracy in basketball foul 
shooting, and accuracy in bowling but did not improve 
speed and accuracy of typing. 
Smith and Bozymowski44 investigated the atti�Jde 
of 86 college women toward warm-up and related the atti­
tudes to the effects of a warm-up period on performance 
time, as measured by an obstacle course that consisted of 
three-minutes of activity. Results indicated that the 
43Hugh Thompson, "Effect of Warm-up Upon Physical 
Performance in Selected Activities," Research Quarterl y, 
29:231-46, May, 1958. 
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44Judi th L .  Smith and Nargaret F .  Bozymowski, 
"Effect of Attitude Towards Warm-up on Motor Performances," 
Research Quarterlz, Narch, 1965. 
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subjects with a more favorable attitude towards warm-up 
performed significantly better when warm-up preceded the 
obstacle race. Those subjects with a less favorable 
attitude did not improve significantly when warm-up was 
given. 
F1eldrnan45 studied test photographs of 31 college 
men doing the toe-touch test to observe the relative con-
tribution of the back and hamstring muscles to hip joint 
flexion. The first test was used as the no warm-up condi-
tion. The second test was done immediately after the 
first, making use of it as a warm-up. The third, fourth, 
and fifth tests had four, six, and eight exercises, 
respectively, which the subject performed as warm-up prior 
to testing. Additional warm-up trials were found to be 
a definite aid to the range of motion. Warm-up was con­
cluded to have assisted the subjects to improve test 
scores and angles of flexibility. 
Richards46 carried out a study exploring a mathe­
matical model which postulated that moderate amounts of 
warm-up would enhance perf orma.nce while larger amounts 
would impair performance. The subjects, 80 girls age 
16-years, were given one, two, four, or six minutes of 
45narold Fieldman, "Relative Contribution of the 
Back and Hamstring Muscles in the Performance of the Toe­
Touch Test After Selected Ex tens ibili ty Exercises," 
Research Quarterl_y, 39:518-23, OctobBr, 1968. 
46noris K .  :nichards, "A Two-Factor Theory of the 
Warm-up Effect in Jumping Per.formance," Research Quarterly, 
39:668-73, October, 1968. 
stool stepping prior to a vertical jump test. The results 
were in accordance with the mathematical prediction and 
I 
were statistically significant. The greatest improvement 
was obtained with one and two minutes of warm-up. Four 
minutes were almost without influence and six minutes had 
a detrimental effect. 
Using 36 male university students, Merlino47 
24 
investigated the influence of massage on vertical jump 
performance. Three warm-up conditions consisted of (1) no 
warm-up, (2) a psychological control warm-up, and (3) actual 
massage. In the second condition an electronic device in 
a professional looking case emitted a high frequently 
sound used as a psychological placebo. Massage consisted 
of kneading and deep stroking. In both the valid (condi­
tion 3) and invalid (condition 2) ·warm-ups, the subjects 
we:re massaged for 10 minutes. Compared with the control 
condition, preliminary massage improved performance. by a 
significant· 2.6 percent. The effect was small for thtt 
first four trials of the six trial test (1.8%) but 
increased to 4.2 percent improvement for trials five and 
six. 
Pacheco48 also recorded the results of warm-up 
on vertical jumping performance. Five trials per day on 
47Lawrence u. Merlino, "Inf'luence of Nassage on 
Jumping Performance," Research Quarterly, 30 :66-7 3, 
March, 195 9. 
48Betty A. Pacheco, "Effectiveness of Warm -up 
Exercise in Junior High School Girls, 11 �arch Quarterlx., 
30:202-131 May, 1959. 
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the Sargent jump and reach test were given to 166 girls 
of grades eight and nine to determine if performance was 
improved by three minutes of vigorous running in place. 
Warm-up improved performance significantly {4.83%) in both 
the grade levels. A large and significant practice effect 
was found between successive trials within each day and 
from the first day to the second for both age groups. 
In an earl ier study on vertical jump, Pacheco49 
found that stretching exercises, stationary running, and 
deep knee bends as a warm-up improved jumping performance. 
Increasing the amount of preliminary exercise resulted 
in improved p erformance. 
The effect of passive warm-up by eight-minute 
hot showers was investigated by Carlile50 on a group of 
male swinnners. In 230 trials, ten swimmers using various 
strokes showed a significant improvement of one percent 
when the subjects wer� pre-heated with a shower. 
In a study by deVries,51 13 college swimmers swam 
three 100-yard time trials with no warm-up and three time 
trials ai'ter hot showers, calisthenics, massage and 
swimming. A total of 195 time trials were recorded by 
49Betty A. Pacheco, "Improvement in Jumping Per­
formance Due to Preliminary Exercises," Research Quarterly, 
28:55-63, March, 1957. 
50Forbes Carlile, "Effect of Preliminary Passive 
Warming on Swimmin� Performance," Research Quarterly, 
27 :J.43-51, Nay, 195 6. 
51Herbert A. deVries, "Effects of Various Warm-up 
Procedures on 100-yard Times of Competitive Swirmners, 11 • 
Research .Quarterl-y:, 30:11-201 March, 1959. 
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varsity swimmers. The findings showed that the group as a 
whole improved significantly only arter the swimming warm­
up. The breast strokers and the dolphin swimmers as a 
group had their best and significant improvement following 
calisthenics, whereas the free stylers as a group showed 
a significant decrease in speed in their trials after 
calisthenics as a warm-up. It was concluded that swimming 
performance at the level of the highly skilled competitive 
swinnner, can be improved by the proper wa:rm-up procedures. 
Research by Michael, Skubic, and Rochelle52 tested 
college men throwing three softballs for distance with no 
warm-up, a five-minute related warm-up, and a five-minute 
unrelated war�-up. The results indicated a significant 
improvement with both warm-up, there was no significant 
difference between the related and unrelated warm-ups. 
In a corresponding study on softball throwing for 
distance, Rochelle, Skubic, and Michae153 used the same 
warm-up conditions, but attempted to limit any possible 
psychological effects of not making a maxinrum throw with­
out preliminary warm-up by giving the subjects a monetary 
reward for each throw exceeding his established average. 
The subjects threw a significant average of 10.2 feet 
52Ernest :Micha.el, Vera Skubic, and Rene Rochelle, 
"Effect of Warm-up on Softball Throw for Distance," Research 
g;uarterl�, 28:357-63, December, 1957. 
53R. H. Rochelle, Vera Skubic, and E. D. Michael, 
"Performance as Ai'f ected by Incentive and Preliminary Warm­
up," Research Quarterl;r, 31:499-504, October, 1960. 
farther when the throws were preceded by warm-up. There 
was also a significant improvement between trial one and 
thr ee when no warm-up preceded throwing. 
Van Huss and others54 had 50 members of a univer-
27 
sity freshman baseball team warm-up in their usual manner 
with a regulation five-ounce baseball. The speed and 
accuracy of the throws after warm-up were measured. After 
a ten minute rest period, the subjects took the overload 
warm-up, which consisted of 15 throws with gradually 
increased velocity followed by ten maximal throws with an 
11-ounce baseball. The speed and accuracy of ten additional 
throws with a regulation baseball were measured immediately 
following the overload warm-up. The results indicated that 
an overload warm-up significantly improves the velocity of 
throwing. Accuracy following an overload warm-up was 
altered, yielding a significantly different pattern of 
successful throws. 
A report by Ph1llips 55 was concerned with the 
influence of very large amounts of warm-up on - the speed of 
performance of the arm. Using related and unrelated warm-ups, 
) 
15 college men were tested by a hor izontal circular clock-
wise movement. Heavy warm-up exercises of the unrelated 
54w. D. Van Huss, et al., "Effect of Overload Wam­
up on the Velocity and Accuracy of Throwing, " Research 
Quarterly, 33:472-75, October, 1962. 
55william H. Phillips, "Influence of Fatiguing 
Wann-up Exercise on Speed of Hovement and Reaction Latency, " 
Research Quartorly, 34: 370-78, October , 196J. 
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type improved performance in arm movements emphasizing 
speed. Related warm-up exercises involving moderate amounts 
of physical work tend to be ineffective in improving per-
formance of fast arm movements. 
Swegan, Yankosky, and Williams56 studied the effect 
of repetitions on the s peed of a simple arm extension move­
ment from 65 to 180 degrees. The more repetitions that 
were given, the faster the movement. Fifty trials resulted 
in faster movements than did twenty trials. 
McGavin57 tested the effect of warm-up intensity 
on the speed of leg movement by utilizing five warm-up 
conditions: related warm-ups of moderate and high inten­
sities , unrelated warm-ups of moderate and high intensities, 
and a passive warm-up that consisted of a hot shower. Tests 
of one foot tapping , two foot tapping and leg circling were 
used to measure the effects of warm-up. The study revealed 
that warming-up was significantly beneficial to the speed 
of leg movement. More s pecifically, the unrelated high 
intensity warm-up was the most beneficial and that the high 
inte nsity warm-ups were more beneficial than the moderate 
intensi_ty warm-ups. The passive �.farm-up of a hot shower · 
also aided speed of leg movement performance. 
56nonald B. Swegan, Gene T .  Yankosky, and James A. 
Williams I I I ,  "Effect of' Repetition Upo n Speed of' Preferred­
Arm Action," Research quarterly, 29:74-82, March , 1958. 
57 Hobert J .  HcGavin, "F.....ffect of Different Warm-up 
Exerc i s e s  of Varying Intens ities on Speed of Leg Movement , 11 
Research Quarte rly 39: 125-30, March, 1968. 
STUDIES WHICH D:B.1vlONS TRATE INSIGNIFICANT IMPROVEJ:vlENT 
IN PERFORMANCE FOLLOWING WARM�UP 
Karpovich and Hale.SB conduc.ted an inves tigation 
using three methods of warm-up ,  deep mass age , superficial 
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digital mass age, and preliminary exercis e .  The subjects 
were experienced track athletes . In the firs t experiment, 
performance time for the 440-yard dash was not significantly 
effected by any of the warm-up conditions . In a second 
experiment, no s ignificant difference was found between 
digital mass age and no warm-up prior to a 440-yard dash 
·for time . The third experiment concluded that preliminary 
exercise did not s ignificantly improve s print performance 
on the bicycle ergometer. 
Mathews and S nyder59 also s tudied the effect of 
physical warm-up on the performance time of a 440-yard 
dash. The subjects were SO high school boys with limited 
track experience.  Warm-up consis ted of running, calis­
thenics ,  and wind-sprints . From the results it was con­
cluded that warming-up prior to performing the 440-yard 
dash did not s ignificantly improve the time over running 
the s ame dis tance without a preliminary warm-up. 
S8Peter v. Karpovich and Creighton J .  Hale , "Ef'f'ect 
of Warming-Up Upon Physical Performance , "  Journal of the 
American Hedical Ass ociation 162 : 1117-19, November, 1956. 
S9nonal<l K .  Mathews and H .  Alan Snyder, "Effect of 
Wann-up on the 440-yard Dash , "  Ji.es earch quarterly, 30 :446-.51, 
December, 1959. 
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60 In research conducted by deVries1 four untrained 
college men alternated static stretching and no warm-up 
prior to I'llnning an- anaerobic 100-yard dash. Oxygen con­
sumpt·ion and heart rate were recorded at two minute inter­
vals after the I'Un. Two subjects improv�d using the static 
stretching while the other two subjects improved using no 
warm-up stretching. There was no significant time improve­
ment or oxygen consumption increase between the two warm­
up conditions. 
'61 Howard and others used telemetry to s tu dy t:b..e 
heart rate of eight track athletes during a 100-yard and 
440-yard runs following warm-up and without warm-up. The 
test I'Uns were at a standardize.a pace. Warm-up consisted 
of io to 15 minutes of jogging, calisthenics, and stretch­
ing exercises. No statistically significant differences 
were found between the maximum heart rates of exercises 
performed with or without warm-up. The differences between 
recovery rates were insignificant. 
Hipple62 investigated warm-up and sprinting per­
formance of junior high school boys. The subjects ran 
60nerbert A. ·de Vries, "The Looseness Fae tor in 
Speed and Oxygen Consumption of an Anaerobic 100-yard Dash, "  
Research Quarterli1 34 : 305-13, October, 1963. 
61 Gordon E. Howard, Carl s .  Blyth , and William E. 
Thornton, 11F..f.fects of Warm-up on the Heart Rate During 
Exercise , 11 Research S_uarterly, 37 : 360-67, October, 1966. 
62Joseph E. Hipple, "\·farm-up and Fatigue in Junior 
High School Sprints , 11 Research (�uarterly, 26 : 24 6-�.7, 
May, 19.5.5 • 
.five 50-yard dash trials with a five minute rest in between 
each t rial . No warm-up preceded the firs t triai. The 
warm-ups for succeeding trials were the pre �eding trials . 
Trials two and three were equally faster than the others 
but not s ignificantly. 
Chr1s tensen63 s tudied the varying intensi ties and­
durations of warm-up before a �o-rninute bicycle ergome ter 
ride . The .five warm-up conditions include'd no wann-up, 
two minutes easy, two minutes hard, 24 minutes easy, and 
24 minutes ha rd .  One subj ect, a former quarter miler, was 
·used. No warm-up and the twe-minute eas y warm-up were 
leas t efficient while . the two-minute hard and the 24-minute 
hard warm-ups showed highes t  economy. No warm-up and th3 · 
24-minute eas y warm-up produced lower heart rates . Rectal 
temperatures were lµ.ghes t for the 24-minute warm-ups . 
Massey, Johnson, and Kranl9 r64 ma�e observations 
o.f 15 male subjects riding a bicycle e rgome ter 100 revo-
lutions agains t time after two conditi ons , warm-up by means 
of ten minutes of overal l bodily activi ty and no warm-up. 
The subjects were tested four times , two following e ach 
condition. Prior to .all tes ting, the subjects were put in 
63carl s .  Chris tensen, "The Effects of Varying Rates 
of Warm-up on Temperature and Circulation Measures During 
and After a Standardized Performanc e� " (unpublished Master ' s  
the s i s ,  Univ ersity of Illinois,  1954J . 
64Benjamin H. Mass ey, Warren R. Johns on, and 
George F .  Kramer, "Effect of Warm-up Exercise upon Muscular 
Performance Using Hypnosis to Control the Ps ychological 
Variable, u Hes earch Quarterlz, 32: 63-71, March, 1961. 
a deep hypnotic s tate and did not know if they had warmed 
up. Throughou t the four test ride s  the performance of the 
subjects s teadily improved in me an riding times . n-ie 
fastest mean o ccurred after no warm -up. The differenc es 
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in time s ,  however, were ·�mall and not s tatis tically signifi-
cant . 
Skubic and Ho dg�ins65 s tudied the effects of a 
light warm-up on the speed, s treng�, and ac curacy of 
college women phys ical education majors . The three warm­
up conditions included no warm-up, general warm-up, and 
related warm-up. The results indicated that there was no 
significant differences in the s cores made .in relation to 
the three warm-up conditions , although there was a s light 
benefit noted followi ng the related warm-up . 
The effects of heat, cold, and mas s age on s trength 
and flexibility were examined by Grose. 66 . Each of the 12 
subjects participated in four tests of s queezing a grip 
ergome ter maximally 180 times in six minutes to a metronome. 
The r�sults showed that pre-exercise massage does not 
influence the fatigue curve in any manner. The immersion 
of the forearm in hot water for_ eight minutes did not 
significantly change the initial s trength but did reduce 
65vera Skubic and Jean Hodgkins , "Effect of Warm-up 
Ac tivities on Speed, S trength, and Accuracy, " Res earch 
Quarterly, 28 : 147-52, Nay, 1957 . 
66Joel E. Gros e ,  "Depress ion of' Muscle Fatigue 
Curves by Heat and Cold , tt Research Qu arterJ. ;r, 29 : 19-31, 
March, 1958. 
the amount of work the mus cle did during the first few 
minutes of exercis e .  Immers ion i n  cold water slowed the 
rate of fatigue, but initial s trength was decreased 
11 percent. 
In a s tudy by Sedgwick67 the effect of actively 
warming the forearm muscle was inves tigated . The 2r male 
subjects were tested on a grip ergometer with and without 
the nine-minute hand and wris t warm-up exercis e s .  The 
results showed that in.creased muscle tempe rature was not 
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re!'lected in improved work :pe r!'ormance as me asured by grip 
endura� e .  The findings suggested that mus cle temperatures 
associated wi th optimum performance may be wi�in a highly 
critical range when l ocalized muscle !'u nction is involved. 
Burke68 observed the relationship of intens ity and 
duration or wann-up and physical perforlllince as measured by 
{l) s trength, ( 2 )  speed of movement, ( 3 )  endur anc e, and 
( 4) accuracy. Using nine combinations of intensi ty and 
duration of a s tep tes t ,  74 college freshmen were tes ted. 
No bene!'it was found for the non-specific warm-up on 
strength, s peed of moveme nt, and accuracy and only moderate 
benefit on endurance . Specific warm�up �as concluded to 
67Anthony w. Sedgwick, "Effect of Actively Increas ed 
Huscular Endurance ,  n Research Quarterly, 3S : S32-38 , December, 
1968 . 
68Roser K • . Burke, " Relationship Between Physical 
Performance and Warm-up Procedures of Varying Intens ity 
and Du11ation, 11 (unpublished Doctor ' s  diss ertation, Univer­
s i ty of Southern California , 1957 ) .  
probably be more preferable than non-specific warm-up, 
providing opt�al intensity and duration is used. 
Lotter69 followed fatigue curves for the maximal 
rate of arm-shoulder movements du�ing four minutes of 
crank turning by 20 college men. The tes ts were preceded 
by either two or four minutes of warm-up . It was found 
that the s ubjects who had the two-minute warm-up did 
slightly better than thos e with no warm-up, but . analys is 
s howed no s ignii'icant ef'fect upon performance by a two or 
four-minute warm-up. 
Skaggs70 did a s tudy us ing a complicated perceptual­
motor task and found warming up effects in about 40 percent 
of his records . The degree of �kill attained was not 
s ignific ant and it was concluded that warm-up was largely 
a matter of attitude, JOO ntal alertness , and attention• · Any 
condition that will make the subject keenly alert at the 
outse t  will tend to lessen the frequency of occurrence of 
the warming-up effect. 
6<Jva11�rd S .  Lotter, "Effect of Fatigue and ·Warm-up 
on Speed of Arm Mov ements , 11 Research Quarterly, 30 :57-65, 
March, 1957 . 
70Ernest B. Skaggs ,  "A S tudy of Warm-up in the Case 
of a Task of Nore Complicated Perceptual-Motor Coor dination, " 
Journal of' Applied Phys iolor,�, 1.5 :499-511 , 1931. 
S TUDIES WHICH DE.'MONS THATE IMPAIRMENT 
OF PERFORMANCE FOLLOWING WARM-UP 
Recording rectal temperatures of runners before 
and ai'ter a competitive 10-, 000-meter run in 90 degrees 
Fahrenheit (F) , Robinson71 noted a decid�d detrimental 
effect of warming up. Performi�g a long s trenuous race 
in high heat caus ed the runners to elevate their rectal 
temperatures approximately five degrees ( F } . It  was 
found that the temperatures of one runner who warmed up 
were 1 • .5 degrees ( F )  higher than those of another runner 
wh� did not warm-up. It was concluded that it might be 
wise for a :runner not to warm-up prior to a long dis tance 
run whe n  the a tmospheric temperature is high because over­
heating may be a maj or factor in impairing performance.  
The effect of passive heating was again s tudied 
by Sedgwick and WhaJ.en72 using short-wave diathermy on 
the s trength of one maximum contraction of the elbow 
flexor nruscles and a number of sub-maximal gripping 
exercises . The two inves tigations involved 20 and 6 
subjects respe ctively. The pg.ssive heating decreased 
mus cular s trength s ignificantly by one-half pound . There 
was no s ignificant effect of muscular endurance after 
passive heating. 
3.5 
71s .  Robins on, "Temperature Regulation i n  Exercis e , "  
Pediatrics , 32 : 691-702, 1963. 
72A.  w. Sedgwick and H. R. Whalen, "Effect of Passive 
Warm-up on 'Mus cular Strength and Endurance ,  11 Research . 
quarterl_y, 3.5 :4.5-.59,  Harch, 1964. 
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Witte73 investigated the effects of varying amounts 
of exercise on ·accu racy throwing of a s oftball. The sub­
je cts were 56 junior high s chool girls and accuracy measures 
were taken f ollowing five, 10, and 20 bouts of activity 
which c onsis ted of running 18:ps and jump�ng jacks . It was 
concluded that there was no significant d.iff ere nee in the 
effect of light exercise as compared wi th moderate and 
heavy exercise on throwi ng accuracy. A steady decrease in 
the ability to throw accurately was noted as the duration 
and intensity of warm-up increased. 
SUMMARY 
The expe rimental s tudies of wann-up are confusing 
and confl icting. Difficulty in drawing conclusions from 
the research literature s tems from the general ambiguity 
of the term "wann-up" because of its w ide usage by coaches , 
athle te s ,  and researchers with differing connotations . As 
discussed, wann-up can be formal or general, active or 
pass ive, long or short in duration, and wi th  heavy or 
light intensity. Further complicating the research is 
the possibility that attitude may influence the performance 
results following w�rm-up. 
Of the 42 studies reviewed in this chap ter, 26 · 
s tudies ( 63�) showed significant imp�vement in perfonnance 
73Fae \·Jitte, "Effect of Participation in Light , 
1'1edium, and Heavy Exercise Upon Ac curacy in Moto1" Performance 
of Junior High School Girls , "  Hes e arch Quarterly, 33:308-12, 
May, 1962. 
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following warm-up. Thirteen of the 43 studies ( 30%) showed 
insignificant o·r no improvement in performance following 
warm-up, while three s tudies (7%) showed warm-up impaired 
performanc e .  
While i t  may be argued that s ome of the . res earch 
literature is more valid than others , the following general 
conclusions s eem justified : 
1. Related, formal warm-up is almos t always 
beneficial, especially in activities involving 
coordination an:l skill patterns , as oppos ed to 
activities consis ting primar ily of physi ological 
functions . 
2 .  A v igorous , long warm-up appears to con­
tribute more to improved pe rfonnance than a 
moderate ,  s horter warm-up. How ever, the optimum 
duration and intensity of the warm-up s eems to 
vary wi th the s ituation, the activity, and the 
individual.  
Since i t  has ye t to be suffic ie ntly proven that 
warm-up affects performance e i the r positively or negatively 
and s ince warm-up has been linked to ps ychological and 
practice factors, wann-up should probably be continued as 
a pre -exerc is e routine . It might als o  be suggested that 
if the warn-up is specific and formal in nature that the 
athlete will at le as t derive the valuable effects of 
pr actice regardless of the phys iological benefits that 
may or may not be gaine d .  
CHAPTER III 
METHODOLOGY 
The s tudy was designed to observe the effects of 
two wann-up durati ons , 30 minutes and 60 minutes in 
length, on the phys iological responses to a s tandardized 
s tre nuous treadmill tes t .  The desc ription of the subjects , 
the explanation of the warm-up schedules ,  the tes ting 
procedures,  and the phys iological na asurements are in­
cluded in this chapter. 
SUBJECTS 
Nine vars ity trackmen, currently on the Eastern 
Illinois University track team, volunteered for the s tudy. 
All the subjects were dis tance runners and had competed 
in cross  cou.ntry, indoor track, arrl outdoor track at the 
vars ity level during the 1970-71 school year. This group 
of dis tance runners was selected by their coaches because 
of thei r  proven running ability. 
Three of the subjects had participated on the 
Eas tern Illinois . University squads that �n the 1968 and 
1969 National Collegiate Athletic As sociation (NCAA ) 
College Divis ion Cross Country Championships . The subj ects 
as a group hold three varsity s chool re cords and five 
freshman records in track. Eight subjects have earned at 
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leas t one Varsity letter award in cross country, while 
seven subjects have lettered in track . Two of the subjects 
competed in both the 1971 National Ass ociation of Inter­
collegiate Athletics ( NAIA) and NCAA College Division Track 
�nd Field Championship Meets . 
The average age of the subj ects was 19 years 
11 months (18 years 9 months to 22 years ) .  The average 
height of the subjects was 180.4]+ cm ( 171 cm to 188 cm) . 
'!!he average weight of the subj ects was 64. 63 kg (59.49 kg 
to 72.65 kg) .  For a complete description of each subjects, 
· refer to Appendix A. 
WAFM-UP SCHEDULES 
Es tablishment and Orientation 
Two warm-up schedules were used : 30 minute and 
60 minute. All warm-up took place on a 220-yard indoor 
track wi th an ele ctric wall clock. The warm-up schedule s 
were devised from a survey of the subjects ' pe�s onal pre­
race warm-up procedures . S imilari ty to the subjects • 
usual warm-up was intentional . It was hoped that this 
would elimlnato some of the negative attitudes of an 
entirely different warm-up. The two schedules were designed 
similar in fonnat to help isolate duration as the only 
variable in the two warm-up procedure s .  
The subj ects took an orientation warm-up run using 
the JO-minute s chodule to become familiar with the type of 
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warm-up to be used in the s tudy. A pilot s tudy was con-
ducted as part of the orientation warm-up to d etermine the 
s tress of the warm-up as compared to the subj ects ' pe rs onal 
warm-up prior to competition. 
It was emphas 1zed to the subjects that the warm-up 
and testing was to realistically simulate an actual rac e 
situation as much as possible. The subjects were instructed 
to conform to their usual race-day habits as close as 
possible on the days that they were to be tested. The 
subjects were reques ted not to run during the morning of 
thei r  tes t day. 
To avoid any effect of training or practice , the 
order of warm-up prior to tes ting was alternated. Five 
subjects did the 30-minute warm-up firs t and then the 60-
minute warm-up bef'ore tes ting, while the other four ran 
the 60-minute warm-up first and the 30-minute warm-up s econd. 
JO-minute. Warm-up· 
The JO-minute warm-up began with a mile jog in 
s even minu tes with the tempo increasing each quarter-mile.  
There was then a 10-minute period of s tretching exercises.  
The exercises were familiar to  the subject·s as they were 
us ed in the team warm-up before practice e1,1ch day. Next, 
the subject s trided a half'-mile in three minutes . The 
subject then walked 235 yards , one lap in lane six and 
ended the warm-up by alternating s printing and walking 
7 0  yards s ix time s .  The warm-up covered 1.79  miles of 
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running. For further s tudy of the 30-minute warm-up, 
refer to Table l.  An explanation of each stretching exer­
c is e  used in the two wann-up schedules is in Appendix B. · 
60-minute Wann-uE 
The 60-minute wann-up s tarted with a mile j og jus t 
as did the 30-minute warm-up . The subject walked 23.5 yards , 
one lap in lane s ix, before performing the s ame 10-minute 
s tretching exercis e period and s triding of a half-mile as 
in the 30-minute warm-up. There was then another pe riod 
of s tretching lasting five minutes .  The subject then 
s trided a quarter-mile at a six-minute mile pace and 
walked another lap in lane six. This s triding and walking 
was repeated one more time before the subj ec t alternately 
sprinted and walked four more 70-yard straightaways . He 
then, walked ano ther lap in lane s ix, and alternately 
s printed and walked four more 70-yard s traightaways . The 
war"lll-up covered 2. L�3 miles of running. A more detailed 
description of the 60-minute warm-up may be seen in Table 2 .  
TREADMILL ORIENTATION 
Each subj�ct received an orientation run on the 
treadmill. To become comfortable in the tes t s i tu ation, 
the subject ran with nos eclips and mouthpiece positioned 
and the rectal probe inserted. A brief pilot s tudy was 
conducted to determine the s peed and grade of the treadmill 
neces sary to provide a strenuous run so as to s imu late a 
competitive track rac e .  
TABLE 1 
DESCRIPTION OF ACTIVITY AND MINUTES INVOLVED 
IN THE 30-MINUTE WARM-UP 
Activity 
Jog one mile ( eight laps ) in seven 
minutes in lane 1. Times 
for each 220-yard lap : 
60-60-53-53-52-52-45-45 
(seconds ) • 
Minutes 
.7 
. s tretching exercises-?�: 10 
cotton pickers (four count ) - 10 
trunk rotations - 10 each way 
toe touchers ( four count ) - 10 
hurdler ' s  s tretch - one-minute each leg 
windmills (four count) - 10 
quadricep s tatic s tretch - 30-seconds each leg 
Stride a half-mile (four laps ) in 
three minutes in land 1 (45 s econds per lap ) .  I 
· Walk 235 yards ( one lap in lane 6 )  
Sprint 70 yards ( s traightaway} and 
walk back, s ix time s .  
3 
1 
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Total Time Elapsed : 30 minutes 
Total Mileage Run: 1 .  79 miles 
*for a description of the exercises , refer to Appendix C 
TABLE 2 
DESCRIPTION OF ACTIVITY AND MINUTES INVOLVED 
IN THE 60-MINUTE WARM-UP 
Activity Minutes 
Jog one mile (eight laps) in s even minutes in 7 
lane l .  Times for each 220-yard lap: 
60-60-53-53-52-52-45-45 (seconds ) .  
Walk 235 yards { one lap in lane 6) 3 
S tretching exercis es-l'": . 10 
cotton pickers {four count) - 10 
trunk rotations - 10 each way 
toe touchers ( four count ) - 10 
hurdler ' s  s tretch - one minute each leg 
windmills (four count ) - 10 
quadricep s tatic s tretch -
. 30 s econds each leg 
Stride a half-mile (four laps ) i n  three minutes 3 
in lane 1 (45 seconds per lap) . 
Walk 235 yards (one lap in lane 6 )  3 
S tretching exercises��: 5 · groin s tretching - one minute 
bicycling and s cissors - one minute 
gas trocnemius static stretch - 30 seconds 
flying - one minute � 
toe touchers - 10 each way ( right leg 
over left leg - left leg over right) 
Stride �-mile ( two laps ) in lane 1 (45 s econds 1 
' per lap) 
Walk 470 yards ( two laps in lane 6) 6 
S tride �-mile ( two laps ) in lane 1 <45 seconds l 
per lap) 
Walk 470 yards ( two laps in lane 6 )  6 
Sprint 70 yards {s traightaway) and walk back, 6 
four times 
Walk 235 yards (one lap in lane 6) 3 
Sprint 70 yards ( s traightaway) and walk back, 6 
four tioos 
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Total Time Elapse d :  60 minutes 
Total Mileage Run: 2.43 miles 
�;.for a des cription o:f the exercises , refer to Appendix C .  
The orientation run contained four s tages . The 
subject was instructed to plac·e both hands on the support 
bar and the treadmill was s tarted at thre e  miles per hour 
and at zero percent grade . The subject wall<:ed at that 
rate until he became comfortable usually within 90 seconds 
and removed his hands when he felt he could s tabilize 
himself' without the support bar. 
For the s econd s tage of the run, the subject was 
asked again to place his hands on the support bar while 
the treadmill speed was increased to s ix miles per hour 
and the grade raised to two percent. The subject began 
to j og when he felt it was necessary during the speed 
adjustment. The subj ect jogged without using his hands 
for support until comfortable . 
The treadmill speed was not increased during the 
third s tage of the orientation run, but the grade was 
raised to six percent. The subject ran at this s e tting 
until comrortable . 
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The final s tae;e of the orientation run lasted one 
minute . The treadmill speed was increased to nin� miles 
per hour but the grade remained at six percent. At the 
end of one minute the tread.mill was stopped and the grade 
lowered to zero percent. The total orientation run lasted 
between 10 and 20 minutes . 
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TEST P ROCEDURES 
Preliminaries . 
Wearing only an athletic supporter and running 
shorts, the subject was weighed to the nearest quarter­
pound by · a calibrated Healthoxneter Scale ·. The body weight 
was then converted to k:ilograms dividing pounds by 2.  2 
and recorded on the test data sheet. Subject height was 
measured to the nearest centimeter and recorded on the 
test data sheet. The data sheet was used to record the 
' 
treadmill test measurements and was obtained from Johnson.1 
. 
Before the subject began the warm-up, the areas 
for probe attachment were prepared by shaving the body 
hair and rubbing a small amount of electrode jelly vigor­
ously with a tooth brush until the areas became red in 
color. Excess jelly was removed with a towel. The subject 
then began dressing, at which time he was asked questions 
pertaining to his. pre-test ac ti vi ties. Informa. ti on was 
recorded concerning the previous night 's sleep, the time 
of the last meal, and the previous day 's  work-out. 
Clothing worn during the two warm-up conditions 
·c onsisted of flat-soled track shoes, socks, athletic 
supporter, shorts, and T-shirt . The test clothing was 
identical to the usual work-out clothing worn during 
IRobert E. Johnson, Francis Robbins, et al . ,  "A 
Versatile Syntem for Heasurins Oxygen Consumption in Han, n 
J ourna.l of Al2_Plied Phys iolo3;y:, 22: 377-7 9, 1967 . 
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practice by the dis tance runners . No sweat suits were 
worn as all the warm-up .took place inside with the tern-
perature remaining constant within a comfortable range . 
Each subject received his warm-up s chedule when 
he reported to the Res earch Laboratory. The subject · 
carried the warm-up s chedule on a clip-board to the field-
hous e for reference during the warm-up. 
The subject then walked to the fieldhouse  and 
s tarted the warm-up. The s tarting time was noted and the 
fieldhouse temperature recorded. While the subject was 
warming-up, the laboratory was prepared for the tre admill 
tes t .  
When the warm-up was completed, the subject 
walked back to the laboratory and a clock was s tarted to 
record the time spent in preparing the subject for the 
treadmill test .  This period was considered to correspond 
to the rest phase  of a pre-race warm-up. However, during 
this time the subject remained · in  a reclining position, 
normally about 10 minutes . 
Treadmill Tes t  
An A .  R .  Young Treadmill was us e d  for the treadmill 
tes t.  The work load was es tablished by review of work done 
by Cureton2 with championship track athletes and brief 
2Thomas Kirk Cureton, Phys ical Fitne s s  of Championship 
Athletes (Urbana : University of' Illinois Press,  19�1), 
p . 314. 
pilot s tudi es . A speed of nine miles per hour and a grade 
of s ix percent represented a level that was physically 
s tressful yet enabled the subject to work for the length 
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of time needed to re cord the phys iological responses . The 
test was terminated at 8.5 minutes unless the subject 
indicated that he had to s top sooner. Since the test was 
designed to measure phys iological adjus tment during s tress­
ful exertion rather than an all-out effort, it was unneces­
s ary to c ontinue the run to total exhaus tion. 
All subjects were ins tructed to imagine the mos t 
fatigued s tate they had experienced in running and establish 
this s tate as the top end of a five point scale . The 
runner w�s told to s top when he felt that he had reached 
point four on the five point s cale. The subjects were to 
place both bands on the suppor t bar as the signal to s top 
the treadmill. 
The s pe ed and grade of the treadmill were set  
prior to  the s tarting of the run since the s tart of the 
run was s pecifically des igned to simulate the rapid accel­
eration of an actual race s i tuation. Both the treadmill 
and a 2011 window .fan used to simulate air movement as i.f 
in track running, were turned on s imultaneously. At the 
completion of the run, both the treadmill and fan, which 
had been running at slow speed, were s topped and the grade 
lowered to zero percent. The subject remained standing on 
the treadmill during a two-minute recovery period and was 
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permitted to remove the mouthpiece and noseclips . A towel, 
to wipe off excess persperati on, was provided for the 
subject du ring the recovery periods 
Phys iological Measuret00 nts 
Measu rements were ta.ken at i ntervals during the 
treadmill tes t  to de termine the rr.e an skin temperature, 
rectal temperature, pulmonary ventilation, oxygen cons ump­
tion, and heart rate . A des cription of the procedures for 
the re cording of each measurement has been s ummarized in 
the following s ections : 
Skin tempe ra ture. Three skin probes were attached 
to the subject. The probes were placed on the back of the 
upper arm, the inner thigh, and in the area of the s c apula 
using me thods previously des cribed by Cos ti ll . 3 All 
attachment areas were on the right side of the body. A 
diagram of the skin probe placement may be found in 
Appendix c. 
While the sub j e c t  was in a reclining pos i tion, 
Probe-1 was attached to the back of the upper arm, mid­
way between the elbow and the shoulder and Probe-2 was 
attached to the middle of the inner thigh, about four 
inches below the c rotch. Both areas had been wiped with 
al cohol and a towel to remove the perspiration. The probes 
3navid Cos till, e t  al . "Metabol ic Respons es to 
Submaximal Exe rcise in Three Water Temperatu r0s ,  tt Journal 
of Applied Phys iolo�, 22 : 628-32, 1967 . 
�� 
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were a ttached wi th surgical tape and a s upporting wrap of 
athletic adhesive tape . The athletic tape did not restrict 
the contraction of the muscle and did not cover the pr obe 
itself, but supported the wire above the probe head. The 
thigh probe was positioned under the wais tband of the 
supporter and was pinned to the back of the running shorts , 
thus preventing the wire from interferring with the leg 
motion of the subject while running. 
When the subj ect s tood up, Probe-3 was attached 
to the skin in the region near the s capula. The same area 
preparation procedure was followed as in the applic ation of 
Probes 1 and 2. However, only surgical tape was used to 
s ecure Probe-3. 
After mounting the treadmill, the sub j ect ' s  wires 
were placed through a clip holder that was suspended from 
the ceiling behind the running area of the treadmill. The 
clip prevented undes irable movement of the flexible probe 
as the sub ject ran on the treadmill. 
The skin probes were connected to a 12-channel 
'YSI Tele-Thermometer by means of 6-foot flexible wires . 
Skin temperatures were measured to the nearest one tenth 
degree centigrade . Each channel was monitored and tempera­
tures recorded jus t prior to the s tart of the treadm:tll 
tes t and once every minute duri ng the tes t  and recovery. 
Rectal temperature . The subj ect inserted a well 
lubricated rec tal probe approximately eight inche s .  A 
ridge of· athle tic adhes ive tape s erved to anchor a three 
foot gauze s trip which was tied below the tape ridge . 
Half of the gauze s trip was brought forward between the 
legs and tied to the front of the athletic supporter 
waistband. The other half of the gauze � trip assured 
that the re ctal probe remained fi rmly in place throughout 
the duration of tho treadmill tes t .  Appendix D shows a 
drawing of the rectal probe belt. 
After insertion, the rectal probe wire was placed 
through the right leg opening of the s hor ts and the shorts 
were pulled up. The probe wire was pinned to the back: of 
the s hor ts and Probe 3 was also hooked through the sus­
pended clip holder and plugged into the Tele-Thermometer. 
Rectal temperatures were measured to the neares t  
one tenth degree centigrade. Recordings were taken jus t 
prior to the s tart of the treadmill test and once eyery 
minute during the tes t  and recovery. 
Pulmonarx ventilation. Six, thirty-second pul­
monary ventilation readings were t aken duri ng the tread­
mill tes t ,  beginning at one minu te and e ach minute there­
after. The subject ran the entire 8 • .5 minutes with a 
mouthpiece that connected him to a Collins 11Triple-J0 
valve . This valve was connected by a hose to a model 
cn4 Parkinson-c'owan Gas Meter. The sub j ec t  inspired air 
in through the cn4 meter to the " Triple-J" valve through 
approximately two feet of tubing. When not taking a 
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reading, a by-pass valve ·was turned thus eliminating the 
CD4 meter from the inspiratory channel. To provide more 
comfort smaller rubber mouthpieces were us ed for subj ects 
that required them and all subjects wore noseclips during 
the complete treadmill test.  
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All readings were recorded on the subject data 
sheet and later corrected to Standard Pressure Temperature 
Dry {SPTD) • 
Oxygen Consumption. Expired air left the " Triple­
J "  valve and travelled through approximately three - feet 
of tubing to a plexiglass s ampling chamber. Once inside 
the chamber, a sample of expired air was drawn out by a 
small vaccum pump into a metalized bag. A d escription 
· of' this technique may be found in work done by Johns on. 4 
Six samples of expired air were taken at the same 
intervals as the pulmonary ventilation readings . While 
the sample was being taken, the temperature of the expired 
air was measured by an atmospheric probe plugged into YS I  
Tele-Thermometer and recorded to the nearest one tenth 
degree centigrade. Samples were analyzed ·by a Beckman 
Model E2 Oxygen Analyzer and a Beckman Model LB-1 Medical 
Gas Analyzer {Carbon Dioxide Analyzer ) .  
4Johnson, loc . cit . 
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Heart Rate� In order to monitor heart rates during 
the treadmill run and recovery, a telemetry s ys tem was used. 
Two tele-electrodes were placed on the che s t  a·t the v2 and 
v5 positions . 
The skin area ·for attachment was prepared when the 
subj ect reported to the laboratory prior to his wann-up as 
des cribed previously. When the subject returned to the 
laboratory after compl etion of the warm-up, the dispos able 
electrodes were attached using procedures s imilar to those 
employed by KobaysashiS. The skin was wiped with alcohol 
�nd dried free of perspiration with a towel. A pea-s ized 
drop of electrode jelly was plac ed on the che s t  and the 
patient cable s napped into position. Both electrodes and 
patient cable were s e cured with surgical tape. The signal 
was relayed on to a S anborn Nodal 500 Viso Cardiette and 
a Lexington Physio-Scope via a Trans mitter and Receiving 
Unit of a RKG 100 Telemetry Unit . The Sanborn Viso 
Cardiette gave a graphic ECG record, employing a pap e r  
s peed of 25 mm/sec.  
A heart rate sample was taken during the prepara­
tion s tage to che ck the equipment. Samples were taken at 
minute· intervals throughout the 8 .5 minute run and during 
the two-minute recovery period. 
5Yoshio Kobays ashi, "The Ef'fect of.' Rope Jumping 
on Cardio-Rcspiratory Fitness of High S chool S tudents,  u 
(unpublished Master ' s  thesis , Eastern Illinois University, 
1969 ) ,  p. 25. 
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Some difficulty in obtaining a clear electro­
cardiogram was experienced. Part of the problem was found 
to be in the patient ·cable contact snaps . A new s e t ·  of 
patient cables were ordered and arrived during the testing, 
caus ing a slight delay in the s tudy. Good electrode con­
tact was also hampered by the perspiration developed 
through the warm�up. In an attempt to gain a tighter 
bond between the electrode and the chest�  alcohol was 
us ed to help dry the areas . During the treadmill tes ts ,  
Cramer "Tuf-Skin" Spray Adherent was applied to the skin 
with the electrode contact s creen area being masked out. 
I t  was also necessary to press the electrodes to the ches t 
while the subject inserted the rectal probe . 
CHAPTER IV 
ANALYSIS OF THE DATA 
The s tudy was conducted to inves tigate. the effe c t  
of two warm-up durations , 30 and 60 minutes , on the 
phys iological responses of nine varsity dis tance runners 
to a s tandardi zed s trenuous treadmill tes t .  All sub j ects, 
except subject four, were able to complete the 8 • .5 minute 
treadmill tes t. Because of the length of time elapsed 
between the two testing periods , raw data for sub j e c ts 
four, s even, and nine was omitted, leaving six subjects 
in the data analys is . However, the raw data of subjects 
four, s even, and nine was comparable to that data which 
was analyzed and would tend to subs tantiate the findings . 
Measurements were recorded for ( 1 )  mean skin 
temperatu re , (2 )  rectal temperature s ,  (J )  pulmonary 
ventilation, (4) oxygen consumption, and (5)  heart rates 
at es tablished intervals during the treadmill tes t .  All 
raw data is pres ented in Appendices E through M. An 
expla�ation of the data convers ion, the s tatistical treat­
ment, a presentation of the findi ngs , and a surmnary and 
discu s s ion of the data follows • 
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DATA CONVERSION 
It was necessary to convert s ome of the raw data 
to s tandardized units for analys is . Subject height and 
weight were expressed  in  c entimeters and kil.ograms , 
respectively. Body surface, recorded in· square meters, 
was calculated from the application of the above two 
variables to a nomogram reported by Cons olazio, et al.1 
The mean skin temperatures were computed from a formula 
presented by Cos tiJ.12 ( s e e  Definitions , Chapter I ) .  
The pulmonary ventilation (VE) data was corrected 
to S tandard Temperature and Pres sure Dry (STPD) and ex­
press ed in liters per minute (L/min) . The oxygen con­
sumption (V0
2
) data was converted to milliliters per 
kilogram per minute (ml/kg/min ) .  Both calculations were 
programed through an IBM 360 Model 20.50H C omputer located 
in the Data Proces sing Center at Eastern Illinois 
University. 
S TATIS TICAL TREATNENT 
A t Test was applied to the raw data to find any 
-
s tatis tical differences between the means of the two 
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lFrank Cons olazio, Robert Johns on, and Louis Pecora, 
Ph siolot"Tical Measurements and Metabolic Functions i n  Nan 
New York :  HcGrai,1-Hill Book Co. , 1963), p.  27 . 
2navid Cos tlll, et al . ,  uHetabolic Responses to 
Submaxir.ial Exercise in Three Water Temperatures , 11 Journal 
of Applied Phys iolor;y, . 22: 628-32, 1967 . 
warm-up conditions . The raw data was punched on IBM 
computer cards and a .!?_ Test Program developed by DiPietro 
and Crewell3 was employed for the analys is . This program 
was computed through the services of the Data Pro cess ing 
Center. 
The .05 level of confi dence was es tablished for 
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the s tudy to demons tr�te s tatistical s ignificance .  To 
determine the integer fo r s tatistical s i gnifi canc e ,  tables 
listed in Tate4 were consulted. S tatistical s ignificance 
would be demons trated if the ! Test score was greater than, 
.or equal to 2 .57 for five degrees of freedom. 
FINDINGS 
Mean Skin Tempera tu res 
The mean skin tempera tu res were derived from 
factoring the recordings of three skin probes attached 
to the ann, back, and thigh. Each probe was recorded at 
the s tart of the treadmill te� t and each minute· during 
the tes t and recovery period. 
Figure 1 depicts · the � ans for each minute of 
both warm-up conditions . Both conditions had a beginning 
mean skin temperature of 33 . 6  degrees Centigrade . The 
3A .  J .  DiPietro and N. J.  Grewell, "Student t 
Tes t  for Differences Between Correlated Pairs of Heans , 0  
(Charles ton: Eastern Illinois Univers ity, July, 1971 ) .  
4nerle w. Tate, Statistics in Education, (New York: 
The Macmillan C o . ,  1955 ) ,  p .  560. 
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60-minu te warm-up condition showed a more rapid decline 
in the :firs t :few minutes and was generally below the 30-
minute condition :figures,  except for the eight-minute 
reading, which remained within one-tenth degree throughout 
the treadmill tes t. At the comple tion of the test,  both 
temperatures ros e quickly. None of the di:fferences between 
the means were found to be s tatistically significant ( s e e  
Table 3) .  
Rectal Temperatu res 
The rectal temperatures were recorded at the begin­
ning of the treadmill test and onc e every minute during 
the tes t and recovery peri od. 
The means for both warm-up conditions , as shown 
in Figure 2, s tarted at 38. 1  degrees Centigrade�  The 
\ 
30-minute warm-up condition was higher by one-tenth degree 
in all but the firs t recovery recording. Both conditions 
showed a s teady ris e  in the rectal temperature but the 
differences between the means .were not s tatistically s ig-' 
nificant ( s ee Table 4) . 
Pulmonary Ventilations 
Six, thirty-second pulmonary ventil ation recordings 
were taken during the treadmill test,  beginning at the 
one-minute mark and each minute therea:fter. 
In Figure 3, the means for each minute are plotted. 
The JO-minute warm-up condition :b..ad an j_ni tial pulmonary 
Minute 
O : OO 
1 : 00 
2 : 00 
3 : 00 
· 4:00 
5 : 00 
6 : 00 
7 : OD  
8 : 00 
Recovery 
9 : 00 
10:00 
TABLE 3 
. SUMMARY OF MEAN SKIN TEMPERATURES C-C ) 
(! Tests ) 
30-Min. 60-Min. 
Mean s .  D. Mean s .  D .  
3j. 6  . 38 33. 6 .59 
··' 
33. 6  . 34 33.4 .58 
33 .5 . 31 33.4 .56 
33.5  . 31  33.4 .59 
33.5 . 30 33.4 . 61 
33 .5 . 33 33.5 . .70  
33 . 6  . 36 33.� .83  
"33.6 .40 33. 6 . 8 9  
33. 6  . 33 33.7 . 95 
34.1 • .56 34.1 . 92 
34.8 .50 .34.7 .90 
A t � 2.57 was needed for s ignificance . 
-
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Minute 
0 : 00 
1 : 00 
2 : 00 
3 : 00 
4 : 00 
·s : oo 
6 : 00 
7 : 00 
8 : 00 
Recovery 
9 : 00 
10:00 
. TABLE 4 
SUMMARY OF RECTAL TEMPERATURES {°C) 
( t  Tests ) 
-
JO-Min. 60-Min. 
Mean s .  D .  Mean S .  D. 
38 . 1  .16 38 .1 .18 
38 . 2  .is 38 . 1  .16 
38. 2  .is 38.1 . 16 
38 . 3  .12 38 . 2  . 16 
38. 3 .15 38 . 2  . 17 
38 .4 .11 38. 3  . 24  
38.S . 16 38.4 . 2s 
38 . 6  .19 38 • .5 . 24  
38 .7 . 18 38 . 6  . 19 
38.8 . 28 38. 8  . 27 
38. 9  . 30 38 .8 . 24 
A ! � 2 • .57 was needed for significance.  
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ventilation that was higher than the 60-minute wann-up 
condition and ros e s teadily until the fourth-minute when 
i t  leveled off. The 60-minute w arm-up co n�i tion showed a 
continual climb throughout the te s t  and finished higher 
than the JO-minute warm-up condi ti on .  How ever, the re were 
no s tatisti cally s ignificant differences between the means 
of each minute ( s e e  Table 5 ) . 
Oxygen Consumptions 
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S ix s amples of the expired air were taken at the 
same time interval s as the pulmonary ventilation re cordings . 
The expired gas was analyzed. 
Figure 4 reveals that the oxygen consumption for 
the JO-minute warm-up condi ti on jumped c ons iderably during 
the s e c ond minute, from 56.12 to 60 , 18 ml/kg/min, but then 
followed an irregular decline . In contras t, the path of 
the oxygen consumption for the 60-minute warm-up condition 
showed an incre ase that was remarkably consis tent. S ta­
tis tically, there were no s ignificant differences in the 
means (see Table 6) . 
Heart Rates 
Readings for the heart rates were teleme tered at 
minute intervals throughout the treadmill test and 
recovery. 
Fi gure 5 graphs the mean heart rates for e ach 
minute . The warm-up condi tlons had almos t identical means 
Minute 
l :oo 
2 : 00 
3 : 00 
4 : 00 
.5 : 00 
. 6 :00 
TABLE 5 
SUMMARY OF PULMONARY VENTILATION (L/MIN-STPD) 
(!_ TESTS ) 
30-Min. 60-Min. 
Mean s .  D .  Mean s .  D. 
88 . 5  ll.52 85 .4 14. 30 
95.2 13.19 94.2 11 . 61 
96. 9 9. 65 99. 9 10. 92 
101.8 14.49 101 . 5  11 .45 
102 . 0  ll.62 104 . 6  10.28 
102.l 14.98 107 . 1  io. 34 
A t � 2.57 was needed f'or si gn:if'ic ance .  
-
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Minute 
l : ·oo 
2 : 00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
TABLE 6 
Stn'1MARY OF OXYGEN CONSUMPTION (ML/KG/MIN )  
(!, TES TS )  
30-Min. 60-Min. 
Mean s .  D .  Mean s .  n. 
56.12 3 . 92 55. 07 3.82 
60.18 8 . 17 57 . 01 1.11 
59. 32 5 . 94 58. 51 1 . 96 
59.87 2.23 59. 60 1.54 
58.75 2.13 60.59 1 . 7 6  
58.79  2.51 61.45 2 .44 
A t =: 2.57 was 
-
needed for significance. 
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for the tes t and recovery. The curves show a quick increase 
and then a s teady climb before a rapid decline during the 
recovery period. Arter l : JO minutes of recovery, both 
me ans were only slightly above the beginning me ans . Tm 
differences between the me ans were not found to be statis­
tically significant ( s ee Table 7 ) .  
I sm�IMARY AND DISCUSSION 
� s tudy was conducted to observe the effects 
of two different warm-up durations on the physiological 
responses of varsity distance runners to a s tandardized 
s trenuous treadmill tes t .  The findings support the null 
hypothesis , in that there were no s tat�stically s ignificant 
differences found between a 30 or a 60-minute warm-up 
duration, as measured in this s tudy. The reas ons for the 
high relationship between the two c onditions can only be 
theorized as the study was designed to inves tigate effect 
rather than c aus e .  However, s ome discu ssion can be pre­
sented in comparison to known phys iological principles .  
The summary figures and tables reflect . patterns that would 
coincide with s teady s tate exercis e ,  that is , the oxygen 
.intake was adequate to me e t  the oxygen requirement and 
there was an approxirri.a te equilibritnn between the proces s es 
of breakdown and recovery with respect to mus cle metabolism. 
The me an skin temperatures show that the body was 
maintaining fairly constant levels during the tes t  and that 
Minute 
0 : 00 
1 : 00 
2 : 00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
7 :00 
8 :00 
Recovery 
9 : 00 
10:00 
TABLE 7 
SUMMARY OF HEART RATES ( BEATS/MIN ) 
(1 TES'JB ) 
30-Min. 60-Min. 
Mean s .  D. Hean S .  D .  
118 13.77 119 13. 50 
162 3 . 81 153 13.76 
168 3 . 94 169 6 .42 
173 2 . 98 172 5 .47 
176 2 . 63 174 4. 85 
179 l . 97 177 5 . 08 
181 2 .69 180 5 . 27 
183 2.79 182 5 . 14 
185 2.50 ·: 184 5.40 
163 10.87 156 12.18 
119 8.78 124 6.47 
A i � 2.57 was needed for s ignificance .  
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Ratio 
.284 
1 .717 
. 686 
.591 
l . 571 
i.232 
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. 020 
.235 
.217 
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only after the tes t was terminated did they begin to ris e  
sharply. The rectal temperatures climbed s teadily through­
out the tes t and recovery, depicting the slow internal 
temperature change that is normal. S ince the recordings 
were s t opped at 1 : 30 minutes of recoverJ':', it was not s hown 
when the rectal temperature would reach a peak. Based on 
concepts of exercise physiology, this would not have been 
until s ome minutes after the completion of the exercis e .  
The pulmonary v entilation and the oxygen consumption 
findings r eveal that while the tes t was phys ically s trenuous , 
the subjects were not recording figures in the maximal 
regions . The means for the JO-minute warm-up condition s how 
a fluxuating oxygen consumption. The s e  means, however, 
are within reasonable ranges as there was only a l . !�3 
ml/kg/min difference between the second and s ixth minute . 
Part of the uns teadiness is due to the unsteady pulmonary 
ventilations recorded during this warm-up condition. 
The heart rates began at a rather high level, 118 
and 119 beats per minute for the 30 and 60-minute warm-up 
conditions respectively. This may in part have been c aus ed 
by anticipation by the subjects towards the s tarting of the 
treadmill. It may al s o  jus t have been a natural response 
to the beginning of a competitive expe ri ence . Fu rther 
treadmill experience may serve to lower the initial heart 
rates s ince the subjects were novices at treadmill running 
and had only been expos ed to it through a brief orientation 
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run. After completion of the test, the heart rates dropped 
rapidly, a response that is common in traine d distance 
runners . Ir heart rate is truely a key indic ator for the 
other systemic res pons es , the similarity of the effects 
o:f the two warrn-up conditions would be further refle c ted 
by the high relationship between the heart rate means 
during and after the tes t .  -':·. 
In summary, there were differences in the means of 
the various phys iological parameters measured but  thes e  
dirferences were not s tatis tically significant to determine 
any superior benefits of one warm-up condition over the 
other. 
CHAP Tb."'R V 
Sutvl:tvlARY, CONCLUSIONS , A1ID RECO:MMENDATIONS 
SUMMARY 
The s tudy was conduc ted to observe the effects of 
two different wann-up durations , JO-minutes and 60-minutes 
in length, on the physiological responses  to a s tandardized 
s trenuous treadmill test .  Neasurements were recorded at 
intervals during the treadmill test to determine the roo an 
skin temperature , rectal tempe ratures , pulmonary ventila­
tion, oxygen consumpti on, and heart rate . 
Nine vars ity dis tanc e runners from the Eastern 
Illinois University track team volunteered :for the s tudy. 
All the subjects had dis tinguished themselves in both cros s 
country and track compe ti tion and had been recommended 
by their coaches for the s tudy. As a group, the subj ects 
hold three varsity school records and five freshman 
records . All subjects were given an orientation to the 
-warm-up schedules and treadmill running. 
The wann-up took place on an indoor 200-yard track 
wi th an electric wall clock. The two warm-up s chedules 
were des igned from a survey of the subjects ' usual pre-race 
procedures and were s imilar in content to help isolated 
duration as the only difference between the t\·1 0 warm-up 
7 2  
conditions . Throughout the warm-up and tes ting, realism, 
s imulating an actual race s i tuation, was emphas ized. To 
avoid ariy effects of training or practice, the order of 
warm-up prior to tes ting was alternated, that is , half 
73 
the subjects were tes ted following the 30-minute warm-up 
:firs t while the other half used the 60-minute warm-up firs t.  
The treadmill tes t lasted 8 . 5  minute s ,  unless the 
subject indicated that he had to s top sooner. The speed, 
nine miles per hour, and the grade ,  s ix percent, were set  
prior to  the starting of the run to  simulate the ac tual 
fast acceleration of a competitive rac e .  The work load 
repres ented a level that was phys ically s trenuous yet 
enabled the test to continue for the length of time required 
to record the phys iological respons es . 
The mean skin temperature was de termined mathe­
matically from temperature data obtained on the back of 
the upper arm, on the upper back near the s capula, and 
inside the upper thigh. Rectal temperature was recorded 
from a probe inserted approximately eight inches . Both 
skin and rectal temperatures were recorded every minute 
during the tes t and recovery. Pulmonary ventilation was 
s ampled in s ix, 30-s econd readings beginning at one minute 
and each minute thereafter. Oxygen consumption was recorded 
at the same intervals as the pulmonary ventila tion from 
expired air collected in r.ie talized bags . Heart rates were 
telemetered and me asured for five-seconds at the beginning 
of each minute during the tes t and recovery. 
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A t Tes t  was employed to determine the s tatistically 
s ignificant differences between the correlated pairs of 
means . 
CONCLUSIONS 
Based on the results of this inves tigation, the 
null hypothes is mus t  be accepted. It is concluded that 
there is no difference in the physiological effects of a 
30 or a 60-minute warm-up duration on the respons es of 
mean skin temperatu res , rectal temperatures , pulmonary 
· ventilations , oxygen consumptions , and heart rates of 
highly trained dis tance runners during a s tandardized 
s trenuous treadmill test. 
RECOMMENDATIONS 
Based on this s tudy, the following recommendations 
for further s tudy appear justified: 
• 
1 .  A s imilar s tudy could be conducted · that would 
include more subjects and additional tes ts at 
each warm-up condition. 
2.  In addition to the measurements taken during 
and after the · treadmill tes t,  the phys iological 
parame ters could also be recorded prior to the 
warm-up, thus being able to as s es s the changes 
occurring during ·the actual warming-up process . 
3. Pursuing the concept of duration, a study could 
be undertaken to explore the minimum and r.laximum 
levels of warm-up duration. 
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APPENDIX A 
SUBJECT DESCRIPTION 
Subject Number l. 2 - 3 · 4· 5. 6 .  7 .  8. 9 
Age ( years ) 18.9  19. 1  21 . 1  21 . 1  18. 8 . 18 . 8  22.0 18. 8  19.9 
Height ( cm) 188 185 183 178 . 180 . 182 .  171 - 176 . 181 
Weight (kg) 72.65 66.25 68.13 62. 95 59.49 67 . 16 63.07 6 0 . 34 61.59 
Body Su;r>face (M2) 1.98  1.89  1 . 90 1 .79 1.76  1 . 87 1.74 1.75 1 . 80 
Years in College 1 l 3 3 1 l 4 l 3 
Letters Earned :  
Cross Country l l 3 0 l l 4 · l 3 
Track 0 l 3 0 l l 4 l 3 
Bes t Track Times : 
880-yards 2 :05. 0  2 : 10 . 0  1 :59. 5  2 : 00 . 1  1 :57 . 2  1 :50.4�,+2 : 05 . o  NT 1 : 56 . 3  
Hile 4 : 30 . 0  4 : 36 . 0  4 :23.1 4:18 . 0  4 : 16 . 7  4 : 30 . 5  4 : 24. 7 4 : 28 . 0  4:13.2 
2-mile 9 :41 . 0  9 : 27 . 0  9 :·15. 7 NT lO : o o . o  NT 9 : 12 .l 9 : 23 . 8+ 9 : 15 . 0  
3-mile 14:57 . 0  14:47 . o  JJ. p 36. 0  NT NT NT 14 :29.8  14: 34. 4+14 : 13. 3�:· 
6-mile 31:40 . 2  31 : 22 . 0+ NT NT NT NT 29 :47 !4�} NT NT 
S teeplechase NT NT ' NT NT NT NT 9 : 26.5 9 : 16.6+ NT 
Member NCAA-CD 
Ci-•os s Country · 
Championship Team: . .  
1968 - .. Yes - - - Yes - Yes 
1969 - - Yes - - .. Yes - Yes 
Place in National 
Track Championships : 
NAIA - - - - - 5th,880 9th, 6-mile - - °' w 
NCAA-CD - - - - - 5th,880 lOth, 6-mile - ---
-::-s chool Record +Freshman Record NT = no time available 
APPENDIX B 
DES CRIPTION OF STRETCHING EXERCISES 
USED IN THE WARH-UPS 
--- -·---- - - ' - - - -
Cotton Pickers . S tanding with legs s pread approximately 
-fou-r-feet;' bend from the wai s t  and touch hands to the 
ground in a bouncing action three times ,  working back 
between the legs on each touch. On the fourth count, 
s traighten to an erect s tanc e .  Repeat the four-count 
cycle ten time s .  
Trunk Rotations . In a s tanding position, raise arms to 
shoulderlevel with e lbows out and hands touching the 
front of the che s t .  Rotate the torso from s ide to s ide 
in a twisting movement ten times . 
Toe Touchers . With feet toge ther, bend from the waist, 
keepfnS-the knees locked, and touch the toes in three 
bouncing motions , raising erect on the fourth count . 
Repeat the fo�r-c ount cycle ten time s . 
Hurdler ' s  S tretch. From a s e ated position, place one leg 
s traight ou�i n  front and form a 90-degree angle with 
the other leg which is placed to the s ide, bent at the 
kne e ,  with the heel back towards the buttocks . Bend 
.from the waist to touch chin to knee while thrus ting 
the hands towards the le ad leg. After one ·minute , 
reverse the leg pos itions and repeat the exercis e .  
Windmills . Spread the feet about shoulder width apart, 
�
-bencr-from the wai s t  to (1 )  touch the right hand to the 
left foot , ( 2 )  s tand ere c t ,  ( 3 )  touch the left hand to 
the right foot, and (4)  s tand erect again . Repeat the 
four-count cycle ten time s . 
Qua�r�chps
h
S� atic S tre tc�. While standing, grab the .foot 
w it t e nand and pull the he el to the · buttock for 30 
s e c onds . Repeat with the other leg. 
9roi??- S t;:�.t�l]_i_n_G • Sit on the grou nd, s pread the legs ou t 
in front and lean from the wai s t  to touch the hands to 
the e;round inbet\·I e en the feet.  idork the hands with a 
bouncing action from the wai� t, b ack and forth inbe twe en 
the feet for one minute . 
84 
85 
Bicycli�an<!. .E_���-�-��· From the seated position, roll back 
until the shoulder and upper back support the legs over­
head. Place the hands in the lower back, using the 
elbows for support, and simulate a vigorous pe daling 
action with the legs . After approxima tely 30 s econds , 
s top this action and alternate kicking the legs to the 
ground behind the head for another 30 seconds . 
Gastrocnemius Static S tretch. S tand with reet together and 
grab the toes with the fingers and s traighten the legs 
by locking the knees for 30 s e conds . 
Flying. In a seated position, place the soles of the feet 
togetheP ( the knees will rotate outward) and grab the 
toes with the hands , pulling them back as far as possible . 
Raise  and low er the knees in a bouncing, "wing-like 11 
action for one minute. 
Toe Touchers - right les over left, then left over right. While 
s tanding, place the right root to the outside of the lert 
foot and, bending from the l·Jais t, bounce the hands to 
the toes three times before s tanding erect again. Repeat 
the four count cycle ten times and then rovers e the root 
placement, the left foot to the outside of the right 
foot,  and repeat another ten four-count cycle.  
APPENDIX C 
DIAGRAM OF RECTAL PROBE BELT 
D 
c 
B 
A - Athletic Supporter, S ide View 
B - Probe Wire ( 6  feet ) 
C - Tape Ridge , eieht inches from probe tip 
A 
F 
D - Gauze S trip Tied to Back of the Athle tic Supporter 
E - Gauze Strip Tied to Front of the Athletic Supporter 
F - Probe Jack 
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APPENDIX D 
DIAGRAM OF SKIN PROBE PLACEMENT 
FOR TREADMILL TEST 
Posterior View of' Right .. �·-· 
Arm and Shoulder 
/ 
I 
l 
\ 
I 
· L" /  
> / � l / ' / ( / \  
,-1\- ( 
/ I 
t 
/ I 
A 
A - Proba ·
·-2, taped over s capula 
B - Probe 1, taped to upper arm 
C - Adhe s ive Tape Support 
·-� - ·- · - -- --
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E 
D 
Medial View of' Right Leg 
D - Probe 3, taped�to--Eh-fgh 
E - Adhesive Tape Support 
----- - - ··--
APPENDIX E 
RAW DATE FOR SUBJECT .  #1· 
l. 98M2) (AGE: 18 .9  yrs., HEIGHT: 18 cm, \'1EIG HT: 72.65, BODY SURFACE: 
- - - -
TEMPEHATUHE ( oc) . STPD v VO 
C L.hfIN)  (ML/KG�IN ) HEART RATE MINUTE SKIN RECTAL (BEATS/MIN) 
- ·  
3Qnin. 60rm.n. 30 min. 60 min. 30 min. 60 min. 30 min. 60 min. 30 min. 60 min. 
- - ··- -
0 : 00 33 .4 34.0 38. 1  38. 3  112 130 
1 : 00 33. 3 34. 0  38.2 38. 3  106.9 111.7 51.65 61.02 162 156 
2 : 00 33. 2  33.9 38. 3  38 .2 109.8 110.7 51. 0.6 56 .55 162 165 
3 : 00 33 • . 2 33.9 38 .3 . 38. 3  112.1 115.8  54.16 59.00 169 168 
4 : 00 33.1 34.0 38 .. 3 ·: 38.4 118.4 116.7 58 . 03 59.30 172 168 
5 : 00 33.1 34.2 38. 3  38 .5 115.7 115 . 8  54.77 58. 37 180 170 
6 : 00 33.2 34.6 . 38.4 38. 7  118. 0  117. 1  55.21 57.74 180 175 
7 : 00 33.2 34.7 38.5  38 . 8  180 175 
8 : 00 33.2 34.9 38. 6  38 . 8  187 175 
RECOVERY 
: 30 33 .8 34.9 38. 6  38 . 9  160 . 153 
1 : 30 J4. 3  35.7 38 .7  39.0 130 122 
co co 
APPENDIX F 
(AGE : 
·RAW DATA FOR SUBJECT #2 
19. 1  yrs . ,  HEIGHT: 185 cm, WEIGHT:  66.25 kg, BODY SURFACE : l.8ci-12 
TE1·1PERATURE ( 0c) S TPD HEART RATE 
MINUTE SKIN RECTAL 
• v 
(L/l..fIN ) 
VO 
(ML/KG�1IN) (BEATS/MIN ) 
1llinin.____6D.min. 30m1n. 6Qmin. 30m.;tn. f?Omin. 30min. 60mj,n,1 30min1 60min. 
0 : 00 33.0  34.5 38 .2 37 .8 102 10.5 
l : OO 33 . 0  34.1 38 . 2  37.9 96.l 88.8 61 .91 .57 . 80 159 126 
2 :00 33.0 34. 0 38. 3  37 .9  103.5 89.3 77 .18 58 .12 168 162 
3 : 00 33. 0 34.0 38.3 37 .9 96.o 88.5 71.45 51 .art 175 168 
4 : 00 ·33 . 1  33.9 38 .4 38 .0  108.l 88 . 6  64. 33 57.53 175 170 
.5 : 00 33.1 34. 0 . 38.5  , 38.0 99.7 91.4 58.44 59.21 180 17.5 
6 : 00 33 . 1  33 .9 38.5 38 . 3  105.2 95.3 61.66 58. 97 182 181 
7 : 00 33 .1 33.9 38 . 6  38.4 187 181 
8 : 00 33.1 33 .9  38.7  38.4 187 186 
RECOVERY 
: 30 33 . 3  34. 3  38.7  38 . 6  17.5 168 
1 : 30 34. 3  34.8 38 . 9  38.7 110 125 
CD '° 
APPENDIX G 
(AGE : 
RAW DATA FOR SUBJECT #3 
21. l  yrs . ,  HEIGHT : 183 cm, WEIGHT : 68 .13 kg, BODY SURFACE : l. 90M2 ) 
'rl::NPERA TURE ( 0c) S TPD HEART RATE . .. . . -
MINUTE SKIN RECTAL .y VO 
(L,ifiIN) (ML/KGtMIN) (BEA TS /MIN) 
30min. 60min. 30min. 60 min. 30min. 60min. 30min. 60min. 30min. 60mi:n • . 
Q : OO 33 .6 33.1 38.5 38 .3  128 115 
1 : 00 33. 2  33.1 38 .4 38 .3  90. 3  84.1 57 . 27 54.90 158 156 
2 : 00 33.2 33. 0  38.4 38 . 3  90.5 103.0 57 . 22 58.14 165 164 
3 : 00 33.6 33.1 38.4 38.4 97 . 9  109.7 53. 93 62. 08 171 168 
4 : 00 33. 6  33.4 38 . 4  38.5  103.4 108. o  60 .35 60. 96 175 175 
5 : 00 33.7 33.1 38.4 38.7 104.8 108 .2 61. 32 60.29 180 179 
6 : 00 33. 6 33 . 0 ' 38.6 38. 7  107. 6  113. 2  60.55 64. 39 180 179 
7 : 00 33 . 6  33.0 38. 8  38 .9  182 179 
8 : 00 33 .6  33.1 38.8 38.9 184 181 
RECOVERY 
: 30 34. 0 33.4 38.9 39.3 150 · 135 
1 : 30 34.5 34.1 39.2 39.3 124 . 112 
'° 0 
APPENDIX H 
(AGE : 
RAW DATA FOR SUBJECT #4 
21 .1 yrs., HEIGHT: 178 cm, WEIGHT: 62.95 kg, BODY SURFACE : 
2 · 
1 .  79M ) 
r'-
S TPD OA - TEMPEHA TURE ( o C) vE HEART RATE 
MINUTE SKIN RECTAL (L/MIN) (ML/KG �IN) ( BEA TS /MIN ) 
30 min. 60 min. 30min. 60min. 30min. 60min. 30min. 60min. 30rnin. 60min. 
O : OO 33.0 32.2 37 .7 37 .4 95 100 
1 : 00 32. 9 32 . 0  37. 8  37 .5 86.o 86. o 56. 15 58.14 150 158 
2 : 00 32. 8 31.5 37 . 9  37 .5 100.7 88.5 58.55 59.25 161 165 
3 : 00 32.7 31 .4 38.0 37 .5 112 . 2  104 . 8  63.99 60.52 163 165 
4 : 00 32. 7  31 . 3  38 . 0  37. 6  112.8 113. 1  63.79 61.56 163 168 
5 : 00 32 .6 31. 1  38. 0  37 .7 lJ.4.9 111 . 6  63.70 61 . 82 163 170 
6 : 00 32.6 31. 3  38 .1 37.7 i14.1 112. 1  63.80 62.56 168 171 
7 :00 .. ::. : 31.4 38 .1 37.1 171 175 
8 : 00 -l!· J,� -i!· * �- 175 
RECOVERY 
9 : 00 32.7 32. 0  38. 1 38 . 0  150 154 
-.[) 
10:00 33.5 33. 1  38. 3  38. 0  82 92 ...... 
�:·Data not available 
APPENDIX I 
(AGE : 
RAW DATA FOR SUBJECT #5 
18.8 yrs . 1 HEIGHT: 180 cm, WEIGHT : 59.49 kg, BODY SURFACE: 1.  76M
2
) 
TEMPERATURE ( 0c) 
. 
STPD !lEAHT RATE 
MINUTE SKIN RECTAL v VO (BEA TS /MIN) 
(L/�IN) (ML/KG�1IN) 
30min. 60rnin. 30min. 60rnino 30min. 60min. 30min. 60min. 30min. 60min. 
0 : 00 33 . 9  33.4 38. 0  38 . 0  105 133 
1 : 00 33.9 ' 33.1 38 . 1  38 •. 0 78 . 1  65. 9  59.25 48 . 60 162 147 
2 :00 33 .8 . 33 .0  38 . 2  38 . 0  88 .4 82. 8 60.21 . 55.10 '168 180 
3 : 00 33.7 32.9 38. 3  .}9.1 86.o 93.3 58 .72 55.67 175 . 180 
4 : 00 33.7 32.9 38.4 38 .0  95.7 96.4 57 . 92 57 .69 178 180 
5 :00 33.7 32.9 . 38.5 38.1 100.9  101.7 60. 21 60.17 181 180 
6 : 00 33.7 32.9 38. 7  38.1 �'" 103.4 .. .,� 61 .35 187 182 
7 : 00 33 . 8  32. 9  38. 9  38 . 2  187 185 
8 :00 33 .9  32. 9  39 .0  38 .4 187 188 
RECOVERY 
:JO 35 . 0  33.L� 39. 3 38.5 156 158 '° 
l : JO 35.i� 3L�.o 39.2 38 . 6  121 129 
I\) 
��-Data not available 
APPENDIX J 
RAW DATA FOR SUBJECT #6 . 
l .87M2) (AGE : 18 . 8  yrs . ,  HEIGHT: liE cm, WEIGHT: 67 .16 kg, BODY SURFACE : 
TEMPERATURE ( °C )  STPD HEART RATE 
SKIN 
. • 
(BEATS/MIN) MINUTE RECTAL v VO 
(LftrIN) (ML/KGfMIN) 
30min. 60min. JOmin. 60min. 30min. 60min. 30min. 60min. 30min. 60m1n. 
0 : 00 33.7 33.7 38.2  38 . 3  142 lL!i+ 
1 : 00 33.6  33.8 38 . 2  38.4 88.4 88.2 55.76 53.39' 168 170 
2 : 00 33.5 33 .8  38.2 38 . 5  109.6 101 . 0  59.75 56.37 175 175 
3 : 00 33. 3 33 .8 38.4  38 .6  104.5 105.0 56.81 57 . 36 178 180 -
4 : 00 33.4 34 .0  38.5 38.7 111 .5 112.0  60.28 61.18 180 180 
5 : 00 33.5 34.2  38 . 6  38 . 8  111 . 6  117 .7 60.00 63. 78 180 185 
6 : 00 33 .6  34.5 38.7 38. 9  '3� 120.l �(- 62.24 180 190 
7 : 00 33.7 34.7 38.8  39. 0  182 190 
8 : 00 
-
33.6 34.8 38 . 9  39.1 182 190 
RECOVERY 
: 30 34.0 35.5 38 .9 39.1 180 168 
1 : 30 34. 6  36.1 39. 0  38.9 125 130 -.{) w 
-· 
·::·Data not available 
MINUTE 
. . 
0 : 00 
1 : 00 
2 :00 
3 : 00 
4 : 00 
5 : 00 
6 : 00 
7 :00 
8 : 00 
RECOVERY 
9 : 00 
10::00 
APPENDIX K 
RAW DATA· FOR SUBJECT #7 
l .  74M
2
> (AGE: 22 yrs . ,  HEIGHT : 171 cm, WEIGHT: 63. 07 kg, BODY SURFACE :  
TEMPERATURE (°C) S TPD . HEART RATE • 
( BEATS/MIN) SKIN RECTAL v VO 
(L/1¥IN) (ML/KG 7MIN) 
JOrnin. 60min. 30min. 60min. JOmin. 60min. 30min. 60min. 30rnin • 60min. 
33.7  33 . 2  36.9 37!4 119 125 
33. 6  33.0 36. 9  37.4 7 9 . 3  82.8 56. 05 56.45 162 160 
33.5 32. 8  38 . 0  37.5 80.4 87 . 6  55.06 60.84 169 162 
33.5 32.8  38. 0  37 . 6  83.5 88 . 9  51 . 10 60.75 170 168 
33 . 8  32. 9  38 . 1  37 .7 79.0 87 . 2  57.84 63.46 170 168 
.34 . 3  32. 9  ·3802 37 . 8  80o7 89.6 .56.15 62.22 171 168 
34.6  32.9 38 .4 37 . 9  84.7 99.1 57 .73  65.84 175 170 
.34. 8  33 . 3  38 .4 38.2 175 175 
34. 8 33 .4 38 .5 38. 2  180 175 
35.3 34.1 38 .5 38.3 156 150 
35 .7 34.9  38 . 5  37 . 3  104 110 
-.D .f=" 
• .R' 
APPENDIX L 
RAW DATA FOR SUBJECT #8 . 
l.75M2> (AGE: 18.8 yrs . ,  HEIGHT: 176 cm, WEIGHT: 60.34 kg, BODY S URFAC E :  
TEMPEHA TURE ( 0c) S TPD llEART RATE 
. . 
( BEATS/MIN) MINUTE SKIN RECTAL 
· � 
VO?: 
(L MIN ) (ML/KG HIN) 
-
30min. 60min. 30r.lin. 60rnin. 30rnin. 60rnin. 30min. 60min. 30min. 60min. 
0 : 00 34.2 32.7 37 . 9  38 .1 119 109 
1 : 00 34. 0  32 .5 37.9 38 .1 . 71.5 7 3 . 8  50 . 88 54.73 162 161 
2 : 00 33.9 32.5 37 . 9· 38. 0  73.1  78 . 1  ' 55•92 57 � 79 168 170 
3 : 00 33. 9 32.4 38. 0  38. 0  84.7 81 . 0  60�84 58 . 07 172 170 
4 :00 33. 9  32.4 38 . 0  38.0 73�4 87 . 0  58. 35 60. 93 174 170 
5 : 00 34 . 0  32�4 38 . 2  38.1 7 9 . 3  92.7 57. 7 6  61. 7 2  175 172 
., 
6 : 00 34.1 32.4 38.·2 38 .1 77.5 93. 6 57 .74 64.01 179 174 
7 : 00 34. 3 32.4 38. 3' 38�4 181 �� 
8 : 00 34. 0  32.4 38.4 38.5 181 J,� 
.RECOVERY 
: JO .34-7 32. 9  38.4 38.6 156 " -,� 
1 : 30 35.4 33.7 38 .5 38 .7 105 
'° .l'.. \T\ " 
��Data not available 
MINUTE 
0 : 00 
1 : 00 
2:00 
3 :00 
4 : 00 
5 : 00 
6 : 00 
7 : 00 
8 : 00 
RECOVERY 
9 : 00 
10:00 
APPENDIX M 
RAW DATA FOR SUBJECT #9 . 
l . 8 <M2 ) { AGE : 19.9 yrs . ,  HEIGHT:  
TEM PEPJ\ TORE - . 
SKIN RECTAL 
30min. 60min. 30min. 60min. 
3 3 . 3  33 .1 37 .7 37 .2 
33.1 33.0 37 .7 37 .2 
33.·0 33.0 37 . 7  37 . 3  
33.0 33.0 37.7 37.4 
33. 0  33 .0 38 .0 37 .5 
33. 3 33 . 0  38.2 37 .5 
33.5 33.0 38 . 3  37.7 
33. 6  33.1 38.4 37 .8 
33.8 33.1 38 .6 37.9 
33.6 33.6 38.8 38.0 
34.6 34.1 38. 8  38. 1  
181 cm, WEIGHT : ql.59 kg, BODY SURFACE : 
S TPD HEART RATE 
• • 
{BEA 'IS /MIN ) v VO " 
(LJfuN) {ML/KG�IN) 
30min. 60min. 30min. 60min. 30min. 60min. 
142 140 
�2. 1+ 55.4 . 60.87 49.10 165 158 
98 .6 73.6 . 65.32 49. 05 170 160 
8:9. 6 79.7 63.42 55.62 170 170 
103.8 79.7 69.94 55.60 178 175 
101 . 6  80.3 65. 99 55.38 18 0 175 
99.4 82. 2  · 65. 36 54. 39 . 180 175 
182 175 
185 180 
lh5 144 
112 113 '° O' 
VITA 
DAVID ELDON FIX 
The writer was born in Portland, · oregon in 1948 
and received his elementary and s econdary e.ducation through 
· the Portland Public S chools . He attended Woodrow Wilson 
High S chool and partic ipated in cross country, basketball, 
and track. He earned two varsity letter awards in both 
cJros s country and track. In his s enior year, he was All-City, 
All-S tate, and Oregon. High School AAU Champion in cross 
country. He graduated in 1966 with academic honors . 
He entered Lewis and Clark College ( 1966-7 0 ) 1  
also in Portland, where he majored i n  Physical Education. 
While in college, he lettered in cross country and track 
for four years . In cross c ountry, he was :Northw e s t  Con-
ference Champion in 1967 , 1968, NAIA District #2 Cha1apion 
. . 
i n  1968, 1969, and was Oregon AAU qollegiate Champion in 
1967 , 1968, and 1969. He was nominated for the Hayward 
·Award f.'or the outstanding athlete in Oregon for 1968 and 
s e rved as team captain in 1969. 
In track, he was Northwest Con1'erence 2-mi le Cham� 
pion in 19.69 and )-mile Champion in 1 97 0 .  IN NAIA District 
#2 compe ti ti on, he was 3000-r.io ter S te eplochas e Champion in 
1969. He ra!'l four years in the NAIA National Championships 
plac ing 10th in the S te eplechase in 1967 , 12th in the 
97 
98 
5000-me ter Run in 1968, and 9th in the S teeplechas e in 1969. 
He was voted Lewis and Clark College Outs tanding Track 
Athlete of 1969 and elected team captain for 1970. His track 
records include the Northwest Conference 3-mile and Lewis 
and Clark College S teeplechas e ,  2-mile, and 5000-meter 
school records . 
He reprosented Lewis- and Clark in the NAIA District 
#2 as S cholar Athlete for 1970. He also received a Graduate 
As sis tantship for the following 1970-71 school year from 
Eastern Illinois University and in December, 1970, he 
married Le slie Suzanne. Scott who had also attended Lewis 
and Clark Colle ge . 
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